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data an; collected in the industry. I lien epidemiologists can work toother to in¬ 
crease the sample si/e by pooling all information regarding workers exposed In a 

particular agent. 

In order to establish a prominent role for epidemiological research in the process 
of risk assessment Iw decision makers, quality assurance seems vital It relates to 
detailed, reliable, and verifiable information about (lie research design. exposure con¬ 
dition conloundcrs in and outside the work environment, n.d the elleets ol exposures. 
I pidemiolopists do have the responsibility to conduct the IksI possible studies and to 

com incc decision makers ol their relevance. 
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In PW2. Ihc US. I u viionmenial Prolciiion Apcncv (f PA) issued a “draft" assessment of I IS 
ami Inn,: cancer in udulisund respiratory disorders in children. Rclympon weak am, inumeluM\c 
epidcmittlopival tlala. Ihc supp *%c<l similarilv Iniwccn I TS and MS ihc presence «>, known or 
sns|KVfcd vareiiujpvnv” m MS and by cxlrapolalion in I.IS. and the *'bioloprval pl.,u\ihilii\‘' of 
•m adverse relationship Kiwvcn i: IS and Itcatlh. Ihc I PA recommended dial.I IS lx* dawdled 
as a "Group A (known human) carcinogen." l umlamenlal phnnal and tpianlilaloe thrnund 
dillvrenees among 1.1S. MS. ami SS and human exposure to cad, smoke were disregarded- I lie 
ihrce ate no, equivalent nor is MS exposure a <|unnlttnlne vanani of < igaielle smolmg A sub¬ 
stantial dilleicitce in Kienlion percentage overlay s the huge dmnuelrtr tltlleicnvc Ivlween evpttvuics. 
As a result, lire "dosage" of I 1S retained is miniscule relaltvc It, MS. Also. t<,ndusious leadu tl 
by llie I PA ami the use of (enuouv rclalmnships as haves fot r don,, a dassdiealion ate imwarranlal 
Ivcause of failure It, consider the data upon which the "tninongenicit)" of the I 1S < -an,Hmenis 
was based, tpieslionson die presence and/or levels of these components in MS. and data imlnaling 
that a 25- to 10-fold tier lease of a high-level close of MS or MS condensate diminished die elleets 
observed in hioavsaw fiont pronoumed to zero. i.c.. a tin- hold was demonstrated. , malls. I PA 
overlooked the moic than 1tni tobacco smoke components-known to inhibit the tumongenic 
aclion of many of the listed "tumorigens." a.- Atajcnw hew iw 


IN I RODUCT (ON 

flic U.S. rnviroumcnlal IVolcdion Apcncv(EPA)(1990a.b) issued iwodntfl doc- 
imicnls in which il defined l;TS as a care in open and designated it as a “(iroup A 
carcinogen** (lll’A, 1990b) in an effort to encourage regulation of smoking in the 
workplace. 

T he V.VA relied on data from various epidemiological studies on lung cancer inci¬ 
dence in l : . I Sex posed nonsmokers as an indication that El S was causally related to 
lung cancer even Ihough these studies have Ixen severely criticized for vaiiotts inad¬ 
equacies (bayard. 1990). Also. I.PA extrapolated SS (and MS) qualitative and quan¬ 
titative composition data to IHS with little regard for either the profound pltvsic.il 
and quantitative chemical differences among MS. SS. and the highlv diluted I IS 
system nr the biological implications of these differences. Of prime concern lo the 
I.UA were 43 smoke and tobacco components (IARC. 19X5. 1986: llolbnann and 
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11edit. 1989) which, in one biological system or other ami at doses far in excess or 
those encountered in MS or SS (1 PA. PW.O. had lx*cn returned as “lumorigcmc." 
I he I PA assessed the health consequences with regard to lung cancer or the listed 43 
components as follows: “Of the 99 compounds in tobacco smoke that have been 
studied in detail, at least 43 are complete carcinogens. 1 each able on its own to cause 
the development orcancer in humans or animals.” This assessment is incorrect since 
most have not l\*en shown to be (I) Uimorigcnic to any human tissue or (2)lumnrigcmc 
to lung tissue in lalwatory animals. These two points are addressed by llollmann 
and llccht (1989) in the text accompanying their “I ist of 43.” In addition, the few 
that have produced lung tumors in laboratory animals have clone so at dose levels far 

in excess ol those encountered in MS. SS. or I. IS. 

I he I PA also disregarded evidence indicating that I; I S is an extremely dilute system 
to which a nonxniokcr is exposed compared to MS inhaled hv a smoker. I he I PA 
ignored the wealth of data available from inhalation studies involving lifetime exposure 
of laboratory animals to cigarette MS: No squamous cell carcinomas, the tumor type 
reportedly associated with cigarette smoking in humans, have been observed in animals 
exposed via inhalation to MS (ef. Huber, 1989). Claims—based on these negative 
findings—that the rodent is an inappropriate model for such inhalation studies, par- 

tieulaily those involving MS. have been shown to lx* invalid. 

Asa matter of Agency policy, the I.PA overlooks the fact that progressive i eduction 
of the dose of an administered material which produced a given died in a bioassay 
eventually leads to a level at which no died is observed. Despite much data to contradict 
it. the theory to which the liPA subscrilx*s is that the only sale threshold limit value 
for a material tumorigcnic in animals is a “zero” dose for humans. I his concept is 
applied to compounds such as ben/o[u|pyrcnc and similar polycyclic aromatic hy¬ 
drocarbons (PAI Is) for which there is either no hard evidence of tumoi ieenicily in 
man or. if the theory were correct, cancer in man would lx* even more extensive than 
it currently is. 

Many PM Is arc components of KmkIsIuII's in the average diet. Fxccpt for 5-melhvl- 
chrvscnc. PAIIs listed by llollmann and llccht (1989) as tobacco and tobacco smoke 
tumotigeus have Ih*co identified in many foodstuOs. Maga (1988) listed 65 common 
PAI (-containing foodslulfs. When many fotx 1st nils arc heated during preparation, 
their PAI I content increased dramatically, e g., a single serving of charcoal-broiled 
meal contains more than 600 times the bcn/o|</|p> rein* level in (lie MS from one 
cigarette. Maga also reported the dietary intake of hcn/o|u|pyrcne (charcoal-broiled 
meat excluded) averaged aboul 5(H) ng/day. From their analysis of human exposure 
to ben/o|o| pyrene. Wald man <7 at. (1991) reported that “the range and magnitude of 
dietary exposures * ranged from 2 to 5(H) ng/day and “were much greater than for 
inhalation (10 to 50 ng/|day|).“ l or some subjects, however, they found a dietary 
maximum of I M9 ng/day. despite omission of the contribution of lx*n/o|«|p\iene- 
conlniuing Ix'verages. I hesc lvn/o|uJpyrene-intake estimates (Maga. 1988: Waldman 
(■/ ,//. 1991) were lower than that reported by llatlcmeyei-l rey and I taxis (1991): 
22(H) ng/day (97*3- from diet: from inhalation and water contamination). If 

lx*ii/o|u)pviene were tumorigcnic in man and its threshold limit value were zero, the 
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incidence of digestive Pact cancer would lx* substantially higher than it iv When there 

is evidence to the contrary that a threshold does indeed exist for a compound under 

investigation, the I.PA is required to consider such evidence and not adhere to the 

presumption of "no threshold." This article presents examples of such “evidence to 
the contrary." 


IlH. PROPliRTIFS OF MS. SS, AND UTS 

I IS comprises Mule,I and axed: (,l) exhaled MS (i.c.. MS nm retained In the 
smoker). (Hi SS generated during the puli' (including, lor the cigarette, vapor-phase 
components ddlttsing Irom the lohaeeo owl through the cigarette papci). and (O SS 
generated during the smolder period between pull's. Hv weight. O t > II | he SSs 

" 1 c - tonlnlnitc 85 to <)()';, of LTS: exhaled MS.. I. constitutes the remainder 

Studies (l askowski. 1951: Dalhamn el ai. I%l) imlieale that no inhaled MS com¬ 
ponent is 100';. absorbed and retained in the smoker's respirators naet: i.e.. eseiv 
inhaled MS component is considered to lie present in exhaled MS. With no evidence 
to the contrary, it is highly probable that the compositions of inhaled MS. exhaled 

MS. SS. and LIS are qualitatively the same but rpianlilatiselv dillerent. Stccnland 
(1992) noted: 

II pH* couMHucim of MtfcMrciim smoke arc ililtcrciil Irom those of inhaled mamM.ram smoke 

. - . I Ik* w ihllcrcmcs nnplv dial it is diflktilt lo Udcimiiic Ihc relative loviuh ol sides! u.mt 

snmke i s mamsiivam smoke. ('nnvci|ucni1\. arguments infeninp 1.1S health elicits Ivix.l mi known 

licahh cfleets ol manisiieani smoke . . . are not appmpiialc. 

Just ns profound qualitative differences exist among the chemical compositions 

of ficsh and aged MS, fresh and aged SS, and FIS. the physical properties of these 

smokes differ significantly. One physical properly important in these smoke tv pcs. 

then inhalation, and their retention is particle size, frequently described as mean mass 
aerodynamic diameter (MMAD). 

fable I summarizes the physical properties of MS. SS. and F.TS and tlveir dilleienees. 

When freshly generated MS is inhaled during smoking, the aerosol particles are 
exposed m the rcspiialory tract to a high-humidity atmosphere. As a icsull. inhaled 
particles absorb water and increase in si/e. Fxhaled particles arc. on average. 20-25'. 
huger than inhaled particles (Ingebrcthscn, 1986, 1989: Ingebrethsen and Sears. 1989: 
Ingebielhsen ef al . 1988. 1990). When these water-saturated exhaled MS particles are 
released to the atmosphere, they cool and immediately undergo several cvnpoiative 
pi m esses which are completed in a few milliseconds. Components, usuallv gaseous 
under ambient conditions, and components with modest vapor piessures evaporate 
fiotn the panicle. Water, incorporated in the particle either during the smoke formation 
process in the tobacco tod or during its residence time in the highly humid coniines 
ol the respiratory Pact, also evaporates. 


MIF DFSK(NATION BY FI’A OF FTS AS A "GROUP A CARCINOCiFN" 


llollmann and llccht (1989) listed 43 tobacco and/or tobacco smoke components 
as “tumorigcnic agents" and the pet cignicttc MS dclivenes of each. I xannnation 
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space. 


xon-Miirc 
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Proper! v 
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pfoton.ii* 1. nicotine 

Mm Ac component*) arc 

Inmid in 1 IS IT; 
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It) MS 4 
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a Pro|tertics listed ;irc those for untiged and undiluted smoke. 

* lohacut rod not consumed during smoking estimated at 5 to R^- for filtered cigarettes: 20 to 2.V.. for 
nonfiltercd cigarettes. 

* MMAl) value listed is that for a major fraction of the smoke. 

4 1’rotonation of nicotine in lohaico due to long-chained acids (palmitic acid, stearic acid, etc ) and poly- 
carlroxvlic acids (malic acid, malic aetd. citric acid). 


reveals significant flaws both in the list ami in attempting to draw conclusions from 
it as did the I .PA. Classifying a substance as tumorigcnic or “carcinogenic" can lx* 
misleading. Often, these tcims arc ovcrinlcrprctcd. One must Ik* aware of the precise 
meaning and limitations of the terms tumorigenicity and carcinogenicity when applied 
to specific compounds and must exercise considerable care in the use of these and 
related terms. I his misinterpretation is not new. Within a decade of the demonstration 
of the carcinogenicitv ofdibcn/frt./jjanthracenc and bcn/o|r/)pyronc in lahotainrx an¬ 
imals. Shear and l.cilcr (19*11) attempted to bring order out of chaos in the under¬ 
standing of the term carcinogen icily. I hey wrote: 

{ I |hv U rm 'carcinogenic pnivitcv*... is not lo he considered ;ts ;tn invariable pfopcMv inbcieni 
in u compound hul is niercl) summarv of I he results of particular experiments and is valid only 
for animals of the species, strain, sex. age, diet. etc. of the particular animal emploved av well as 

the <k»se. menstruum, movie and site of application, etc., of the compound in (|ucmiimi .Con- 

eltisMuis regarding the potency of any given compound should therefore be inlctprelctl in the light 
of the data upon whit It they are based. 

Attempts to attribute the carcinogenicity of MS lo a particular component ate 
questionable. Over the past 4 decades, numerous scientists and otgani/ations have 
staled that no single MS component or class of components acting cither iwliv idually 
or in concert can explain epidemiological observations in human smokcis 01 biological 
observations in laboratory animals treated with heroic doses of MS. 

Many of these 43 MS and/or tobacco components should be excluded from the list 
on the basis of published data on their tumorigenicity (or lack of it) in laboratory 
animals at levels determined in MS. their lack of tumorigenicity in most instances 
on inhalation, and the equivocal evidence of their tumorigenicity in humans at lev¬ 
els in MS. 

Only 5 of the 43 components have produced respiratory tract tumors in laboratory 
animals exposed to the component via inhalation. Many have ncvei been tested in 
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nn inhalation system. One component of great interest (bcn/o(u|pyrenc) lias only 
produced lung carcinoma via inhalation in animals at an extraordinarily massive dose, 
a finding classified as “equivocal" (R I PCS. 1987). 

In addition, the |H*r cigarette MS levels determined several decades ago for many 
of the listed components arc not relevant to those that would he round if the analyses 
were conducted on more recent cigarettes. The MS values for diben/]</.//(acridine and 
7//-dilxwo|<,.e|carba/ole were obtained with 1959-1960 cigarettes, for di- 
bcn/|u./(acridine with 1959-1960and 1962 cigarettes, fordilx:iv|/i.//)anlhiaecnc with 
1962-1962 cigarettes, for 5-methylchrysciic with 1972-1972 cigarettes, and for A* 
nitros<xliethanolamine with 1981 cigarettes. A variety of cigarette design technologies 
lellieient filtration, lilter-tip additives, processed tobacco materials (reconstituted to¬ 
bacco sheet, expanded tobacco), air dilution (porous pajXT. lilter-tip perforations), 
and paper additives] has progressively reduced the salcs-weighlcd average MS total 
particulate matter ( I PM) Ivy about 70* .'. from 40 mg/cigarette (mid-1950s) to less than 
12 mg/eigarellc (late l9S0s). Simultaneously, the MS composition was also altered, 
c.g.. for MS I PM. the bcn/o|<f|pyrenc content—expressed as ng BaP/mg I PM— 
decreased alxmt 22% (from 1.2 16 0.8 ng/mg TPM) during the same time period 
(USP1 IS. 1979). I lie decrease in cigarette nicotine content and delivery over the same 
time |x*riod might also have allcclcd the pvrogenesis of the dibcii/acridmcs and di- 
bcimxarba/olc. 


IIILORI I ICAL VS PRACTICAL ASPECTS Ol THRESHOLD 


((trainwnni\ 

In its dibits to classify LTS as a carcinogen, the I*PA disregarded the facts that (I) 

I* I S is an oxlremdv dilute svstem to which a mmsmokcr is exposed compared to MS 

* ♦ 

inhaled by a smoker, (2) a biological effect (carcinogenesis, ciliastasis. etc.) induced 
hv a material is dleetivclv reduced to zero with progressive reduction ol the admin- 
istered dose: i.e., a threshold exists, and (2) inhalation studies from 1926 to dale 
involving lifetime exposure of laboratory animals to whole cigarette MS have consis¬ 
tently failed to induce squamous cdl carcinoma, the tumor type reported to lx* as¬ 
sociated with cigarette smoking in humans, hut similar exposure of laboratory animals 
to vehicular exhaust gases did induce squamous cell carcinoma (Maudcily cl at .. 1987). 

I lie failure to pioducc in MS-exposed laboratory animals the tumor tyjK* reported 
to lx* associated with smoking in humans is important not only with regards to the 
biological properties of MS itself hut also with respect to that of diluted MS delivered 
to the caged animals. Larly experiments involving “whole body" exposure to diluted 
MS closely resemble L I S exposure, albeit at levels substantially greater than those 
usually encountered with LTS. More recent studies (ef. Huber. 1989) involved “nose 
only" inhalation of the smoke with the demonstration that the smoke did indeed reach 
the lungs (Microbiological Associates. 1984). A major criticism of the whole Ixxly 
exposute was that it more closely simulated exposure of nonsmokers to highly con¬ 
centrated US than it simulated exposure of smokers to MS by inhalation, eg.. Stewart 
and llerrold (1962) commented on the pre-1962 inhalation studies: 

Anniltvr uhjiTlHHi In lhr nmiisr-sninl.ini’ opninu'iil* luv Ixvn uniu' ol llirni (lupin iilr^ the 
h;ihil ol MiioVmp av put (netI In turn iitnl women Mur ni.iinUnnnl in .in aiiiiphl 




* 
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inlowliK h \oh\cco smoke mixed w ith air i< Mown art vakl lo W living in an cm ironmenl 10 mp.tr. 1 Mc 
Ui that in uhn i. mmstnolccis arc collected together with heavy smokers for long Ikhmv at a time. 

II. as Stewart and I ten old (1962) noted, these smoke-inhalation experiments more 
closely resembled passive smoke (or I IS) exposure than human exposure during 
actual smoking, then substantial evidence is available to demonstrate that exposute 
lo “passive smoke** (or 1.1S). more concentrated than that encountered in the human 
situation, is ineffective in induction of the tumor type supposedly associated with 
cigarette smoking in humans: Whole body exposure studies assessed In Stewart and 
llerrold (1962) were designed lo determine the effect of MS on laboratory animals, 
with emphasis on lung cancer induction. Because ol the whole bodv exposure, results 
are relevant to the evaluation of the biological effects of exposure to concentrated 
passive smoke. None ol these exposures to concentrated passive smoke induced squa¬ 
mous cell carcinoma in the test animals. 

Not only did exposure of laboratory animals to MS via inhalation fail to induce 
human-type lung tumors but also cxposuic to massive doses of MS components 
(bcn/o(r/|pyrcne A mlrosodimcthylanunc. A-nitioxtxlielhylamine) gave lung tumor 
results rated b> the Registry of toxic Effects of Chemical Substances (RfICS) (1987) 
as “equivocal." yielding ‘‘uncertain but seemingly positive results." Positive results 
not rated equivocal by K I LOS were those obtained with compounds administered by 
intrathoraeie implantation or by intratracheal injection, procedures neither equivalent 
to nor cxtrnpolnhlc to inhalation (Shear and 1 ciler. 1941). 

I hrcshold limits with cigarette smoke condensate, its fractions, and its components 
have been demonstrated in skin-painting and ciliastasis studies. Representative ex¬ 
amples follow: Wviuler ct <il. (1957b) reported that diminution of the cigarette smoke 
condensate (C SC) dose in skin-painted mice gave 60% papilloma-bearing animals 
(I'RA) at a dose level of 10 g/mousc/ycar. 25% PBA at a dose of 7.5 g/mouse/vear. 
<10% PBA at 5 g/mousc/ycar. and no PBA (or carcinoma-bearing animals) at a CSC 
dose of 2 g/mousc/ycar. Thus, a dose reduction from 10 to 2 g/mouse/vear—a 2.2- 
lold reduction—reduced the Uimor-bcaiing animals (TBA) from 60 to 0*,. 

In groups of mice skin-painted with increasing!} diluted CSC-acetone solutions (50 
to 5'*"). ^’y mlcr and llollmann (1965) reported that the 10-fold dilution of the CSC - 
acetone suspension produced a 25-fold diminution in percentage of tumor-heurme 
animals, from their result*, they concluded "It is apparent. . . from laboratory qudii' 

. that exposure to tobacco <nioko condensate and tumor vield are quamitativeb 
correlated. \ similar result was reported hv the National Cancer Institute t PWt m 

its -less lia/ardous-cicarette studv." 

w m 

Results obtained with progressive diminution of the MS CSC dose are paralleled 
in experiments in lulvratorv animals treated with smaller and smaller ikwes of several 

PAM components of MS CSC. eg.. beii/o|uJpyrcnc. dibon/|u.//jnnthiaeenc. listed 
(llollmann and lleeht. 1989) as tobaeco smoke tumorigens. 

While not a .skin-painting study. Dohrowolskaia-Zavadskaia (1928) demonstrated 
that dibcn/|u./i|antluacetie {10.000 ng) injected sulxrutancously was sarcogenie at the 
injection site in 11% of the 228 treated mice. The percentage of 1 HA decreased as the 
dose was decreased. At a KKKI-ngdosc. none of 156 injected mice developed sarcoma. 
Similarly. Sail and Shear (1940) and Ciott.schalk (1942) reported a threshold (/cio 
tumors) lot subcutaneously injected bcn/o[rdpyrenc. also sarcogenie b> this route At 
sulheieul dose levels, both PAI Is ptoduee carcinoma on skin-painting. I o determine 
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whether a similar relationship existed between lumor induction and skin-painted dose, 
Wyndcr cl ai [ 1957a) attempted “|T)o establish the minimum dose of ben/opyrcnc 
capable of producing skin cancers in mice and rabbits with the same technique of 
application employed in previous studies (with tobacco *tar*| |Wymler cl til.. 1953)." 

No significant differences in tumor susceptibility were found among three mouse 
strains (Swiss. CAI I.C57l)L|. but the rabbit was much less susceptible than the mouse 
strains, as demonstrated by nerenbbtm and Schoental (1947). I he jx-iccntagcs of 
carcinoma-bearing animals with the 0.005% !xrn/.o|tf|pyrcnc solution were as follows: 
rabbit. 0: Swiss mouse. 55%; C AN mouse, 85%; 057BL mouse. 75%. Wyndcr cl ai 
(1957a) stated: 

1 rum the pactk.il point or view, tin- ntml '(riling feature of tire present study is Hh* fact that a 
five-told dilution ul a 0(105 percent bcn/opvreuc solution |i c.. from U.005 to n.Otirs | in acetone 
changes the response from one where nearly all the animats |mtcc| develop cancer to one where 
very lew* develop cancer. 

•At a dose to el of 0 (KM'S- hen/o|u|j>yrenc. neither the Swiss nor the (‘57111 mouse strains nor 
tin: iahluis showed any papitlomala or carcinomata. 

A 10-fold dilution of the 0.005% bcnzo|(/]pyrcnc solution (i.c., from 0.005 to 0.0005%) 
resulted in no malignant tumor production in the three mouse strains or the rabbit. 
Wyndcr cl ai. (1957a), concluding that their results confirmed those of Kennaway 
(1948) and Pocl (1956). wrote “I'l (here is obviously a level below which even lifelong 
exposure to a given amount of a carcinogen will not produce tumors in experimental 
animals." I he lumorigcncsis studies with MS CSC and several of its components are 
summarized in 'Iable 2. 

More recently, llechl ci ai (1976), in a study with Swiss strain mice skin-painted 
at two dose levels (0.01 or 0.005%) for 62 weeks with lien/o|r/|pyrenc-acelone solutions, 
essentially confirmed the 1957 findings iff Wyndcr cl at. (1957a). I lowevcr, the survival 
rate for the mice treated with 0 . 005 % ben/o(</|pyrene solution in the 1976 study was 
much greater after 62 weeks than that Tor the mice similarly treated in the 1957 study. 

The phenomenon of zero tumor production at extremely low dose levels is not 
confined to MS CSC or ils PAII components. Similar results have been reported in 
comparable studies with lumorigcnic amines, c.g., aminoa/o dyes: Dose reductions 
eventually reached a level at which no tumors were produced during the life span of 
the animal (Miller and Miller. 1953). To dale, no aminoa/o compounds have been 
identified in MS CSC. 


Cilia slash 

♦ 

Pertinent to ITS arc data showing that dose reduction (effectively, dilution) of MS 
or some of its Tiliaslalic" components or fractions eventually resulted in a dose level 

at which no ciliastasis was produced in in vino systems. 

Wyndcr and I lull man n (1963) in their study in mussels of the ciliastatic activity of 
aqueous extracts of live fractions of MS CSC demonstrated that reduction of the 
applied dose of each fraction eventually reduced the ciliastasis from ‘‘immediate and 
complete** to "none.** Their findings arc also summarized in l ahle 2. When l\. is the 
dose level producing "immediate and complete’* ciliastasis and f) n is the dose producing 
zero ciliastasis. calculation of the ratio />,//>„ gives values ranging Iron! 6 to 24 lor 
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Summary: I ni nsoi Dost Iti imkwn ano/or DtiurfONONiiir. Rioizx.k ai I’Rnmtrusor MS 

CSC I KACIIMNSOK iNDIVintlAI. MS COMfON! NIS 
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Subcutaneous injection (SC) studies 
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C diastasis (Cill studies 
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A 'tuc. Ac, acidic fraction: Ha. basic fraction; Hal*. bcn/o(«|pwenc: CSC. ciparcllc smoke londcnsaic: CT. 
ciliated tissue; l)HA. dilvn/|</./»|andir:iccnc: p. pram; In. insoluble fraction; m mouse; MS. mainstream 
smoke; Nt. neutral fraction; I’ltA. papilloma I rearing animals; I'h. phenol line lion. r. i.it. Ml. shaved back; 
SO., snllur dioxide; I HA. minor-bearing animats; \r, sear. 
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the live fractions: i.c.. 24-fold dilution of any of the live extracts tested would result 
in a nonciliastatic situation. 

Lxnminution by (iuillcnn vt al. (!%l)of in vitro ciliastasis produced in ciliated rat 
trachea by MS VI* components revealed that Tor the eight components tested the 
concentration levels (/ig/litcr) al or below which no ciliastasis was observed were as 
follows: acrolein. ‘Ill: formaldehyde. 2(H): acetaldehyde. 3IHX): ptopionaldchulc. 35(H): 
isobulyraldehyde. 4500: 2-furaldehyde. 75(H): butanonc. KO.IKH): acclone. 100.000. 

Wymlcr and llollmann (1961) in their study of MS phenols repoited as follows on 
the cltccl of 20-fold reduction of the concentrations of phenol, o-crcsol. m-crcsol. /»- 
cresol. o-ethvlphenol. or 2.4-dimethylphenol) on in vino ciliary activity: “At the highest 
concentration (1.0'V). the phenol derivatives demonstrated greater ciliastatic ellects 
than did phenol itself. At the lowest concentrations tested (0.05";). none of the phenols 
induced ciliastasis.*’ 

Thus, for extracts of five CSC fractions, eight VP carbonyl components, and live 
phenols there was a threshold limit Mow which none of them produced ciliastasis in 
in vino svstems. 


A osv inhalation of i’l.S vv Mouth Inhalation of MS 


In early .studies.with individual MS components, it was observed that those ciliastatic 

in in vitro **\sWm$ were water-soluble. It was theori/ed (I >alhamn and RvlanJlcr. 1903: 

• % • 

Wynderand llollmann, 1067) that this solubility would result in removal of substantial 
amounts of the ciliastatic MS components by solution in the aqueous fluids coating 
the oral cavitv and tracheal surfaces while the MS was held in and/or traversed these 
portions of the respirators tract. The levels of eiliastals reaching (lie ciliated areas in 
the smoker's lower respiratory tract would produce insignificant ciliastasis. if any at 
all. This '‘scrubbing” of eiliastals from the inspired MS stream was demonstrated 
experimentally in cigarette smokers (Dalliamn vt al. 1968). 

Dalhamn (1961) demonstrated that sulfur dioxide was ciliastatic in vitro n\ or Mow 
l(K) ppm hut not ciliastatic in vivo on inhalation at or IkIow UK) ppm because much 
or it was removed in the nasal cavity. This removal, termed "resorption.’* is similar 
to the scrubbing of water-soluble components described previously. Nasal re orption 
is important not only from a ciliastasis-MS conqioncnt point of view but also from 
an I IS point of view since I TS. in contrast to MS which is inhaled via the mouth, 
is inhaled primarily through the nose. I I S Vpcomponents removable' ia nasal cavity 
resorption include formaldehyde, acetaldehyde, crotonaldchydc. and jxissihly hydra¬ 
zine. Thus, very little, if any. of these water-soluble components, already highly diluted 
in I-IS (see IkIow). would reach the lungs and their cilia. 

In studies on mouth absorption and lung retention of MS components. Dalhamn 
vt al (1968) demonstrated that inhaled and exhaled MS differed substantial!} in com¬ 
position and that all components measured were found in both smokes: i.c.. none was 
I (Hr;- retained in the lungs or 100% absorbed in the oral cavity. I hey also repotted 
that mouth absorptions of the water-soluble eiliastals acetaldehyde and acetone were 
substantial (60 and 56%. rcs|>cctivcly). whereas month absorptions of water-insoluble 
nonciliuMalic components such as isopivne. toluene, and caihon monoxide were much 
less (30. 28. and .V' . tcspcclivoly). I heir data indicated that exhaled smoke, a con¬ 
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tributor to I IS. is qualitatively the same as but quantitatively different from the MS 
generated bv the cigatetie and drawn in by the smoker. 


I TS: A HIGHLY DILUIb SYS I I M 

The dilution of P.TS was demonstrated hv NAS-NKC (1986) which compared the 
concentrations of 10 components in MS and in indoor an where cigaicttc smoking 
was permitted. I he nicotine concentration range was 430.000- I.OXO.Onn ppb tor MS 
and 0.15-7.5 ppb for LIS. NAS-NKC calculated lliat the peak level of IIS nicotine 

inhaled bv nonsniokcrs is less than the MS nicotine inhaled hv the smoker hv a factoi 

m — 

ranging from 57.333 (430.000/7.5) to 7.2()0.()00 (1.080.000/0.15). I he range 57. Ul- 
7.300.000 represents the dilution factor between MS inhalation and I IS inhalation 
for nicotine. In MS, nicotine is a PPcomponent: in L I S. it is a Vp component. Similar 
calculations for VP components gave the following ranges: For acrolein (1500-20.833). 
for acetone (240-2000). and for benzene (112-7167): for the PI* component 
lKii/o|//}p\iene (68-10.740). Since the chemical and pin steal ptopethes ofaciolcin 
are similar to those of formaldehyde, acetaldehyde, and croionaldchydc, listed as to¬ 
bacco smoke lumorigcns (Hoffmann and llecht. 1989), their dilution factor ranges 
should approximate that of acrolein. Dilution factor ranges for other PAIIs in I. IS 
should approximate that for lxw.o|tf)pyrcnc. 

Ihe high dilution of I I Scan bcdcscrilKd in another way: I or 20 SS components — 
eight of which were listed as tobacco smoke lumorigcns. Gori and Mantel (1991) 
estimated the number of cigarettes required to reach the threshold limit values (TI.V) 
established by the American Conference of Governmental and industrial Hygienists 
(ACGI1I. 1990). The space was assumed to be scaled, unvcntilnlcd. and l(K)-ni‘ in 
volume. I or the eight components, their estimates were: cadmium 1430 cigarettes: 

aceialdchvde. I4.lt); benzene. 13.300: nickel. 40.000: hvdia/me. 145.000: 

♦ • 

hcn/o(tf|pyrcnc. 222.(KM); 2-loluidinc, 3(M).(MK); and polonium-210. 750.000. 


IN! Mill I OKS. ANTICARCINOGLNS. AND 
AN 11 MUTAGENS IN MS. SS. AND LIS 


Inhibitors of carcinogens or anlicarcinogcns are compounds which prevent tumor 
development. Wallenberg (logs) divided them into three categories based on the time 
in the carcinogenic process when they arc effective: The first category consists of com¬ 
pounds that prevent the formation of carcinogens from precursor substances, c.g.. 
ascorbic acid (Mil vish. 1981). tocopherols (Ncvvmnrk and Morgens. 198!). and phenols 
(Newmark and Morgens, 1981; Kucnzi vt al.. 1984) which inhibit the formation of 
nilroso Uimorigcns from precursor amine and nitrite lx>th in vivo and in vitro I he 
second category includes "blocking agents" which inhibit carcinogenesis by preventing 
carcinogenic compounds from reaching or reacting with critical target silos in the 
tissues. e.g./disuUiiani (Wallenberg. 1975) which inhibits the metabolism of sym¬ 
metrical dimclhylhydra/inc to its carcinogenic metabolites (I lala vt al . 1977). Ihe 
last category of inhibitors—the "suppressing agents”—works by suppressing Ihe 
expression of neoplasia in cells exposed to a carcinogenic agent. Retinoids are an 
example of this category. 
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hydra/mc; NA. nilrosannoc: l;C. No. 35 ethyl carhnmalc; NNN. No. 21 A'-nitrosonorrmotinc; NNK. No. 
22 4 -(A-mclhylnilro\atnino).|-( Vp\ridin\l)-l-huianonc. 

" I his fiailum comisD primarily of ilic normal-, i\o- ( 2 -mctliyl)-. and r/MriAo-O-im’tlnl) alkanes fiom 
Ci* to C*,. a total of at least 7 X ditrcrcnt saturated hvdrocnrlKUis; eg., the Co isomers present are /r-|Kntadecanc. 
»u»-pcniailccane ( 2 -nietlnltclradcearH*). and r/mmo-i»cn(..*lccanc ( 3 -niethyltclradccanc). 
llcnzo|/'|triplH-nylene was foinivrlv named dihen/|r/.rJanlhraeenc. 

' I or complete reference and details, sec l ay vf al. ( 1084 ). 


Wvmlcr nnd I lofl'innnn (1961, l%2) reported that the t u mo ripen icily of 
bcn/o|r/]pyrenc was inhibited by the saturated hydrocarlxm fraction in MS CSC. Mouse 
skin-painting studies with solutions ofbcnzo[tf)pvrcnc plus n-henlriaconlane ((.’»,) or 
//-pcntatrincontane (0,0, two saturated hydrocarbon (SI 1C) components of the fraction, 
showed that Ih»(Ii hydrocarbons significantly inhibited bcnzo|<i)pyrcnc Uimorigemcily 
at SllC:RaP ratios of 2(K):I and 100:1. The MS of a cigarette delivering 20 mg of tar 
contains about 10 ng oflicn/.o(/#|pyrenc plus about 0.6 mg (600.000 ng) oil he .saturated 
hydrocarbon fraction comprising some 80 homologous hydrocarbons. I hits, the sat¬ 
urated hydrocarbon fraction:Bal’ ratio is 60.000:1, a ratio far greater than the 200:1 
and 1 (N): I ratios reported to significantly inhibit lx'nzo((f]pyrc»c Uimorigenicitv to 
mouse skin (Wynder and llollinann, 1962, 1964. 1967). 

C omparison of the list of the 4800 or so identified components in tobacco smoke 
with various lists (c.g.. Pay cl al. 1984; Slaga and DiGiovanni. (984) of compounds 
shown to possess inhibiloty or anticarcinogenic action in carcinogcncsis-tvpe exper- 
iments with laboratory animals reveals not only that tobacco smoke contains numerous 
anticarcinogcns but also that their levels in smoke far exceed those of the tumorigens 
in "The list of 43.” Representative examples of anticarcinogcns and their MS levels 
are listed in Table 3. 

Because of their vapor pressures, many allegedly potent tumorigens (and initiators) 
such as PANs and nitrogen hetcrocyelics arc found in the particulate phases of MS. 
SS. and P I S. Pot the same reason, many anticarcinogcns and inhibitors arc found in 
the particles, e.g., (I- sitosterol, cholesterol, and saturated aliphatic hydmearhons (Pa- 
tough cl of.. 1990); a-tocopherol; indoles: duvalricnediols; tri-, tetra-. and pcnlacydic 
PAIIs. Unlike basic smoke components (nicotine) which are almost totally in the MS 
particles but viiiuatly absent from P IS particles, the above components remain pri- 
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marily in (he particles. Thus. antienreinngens and inhibitors remain in dose proximity 
to (he tumorigens in (he aerosol particles and are able to exert (heir anlicarcinogcnic 
or inhibitory clfeet. 

Just as inliihilors or antiearcinolens ollsel die action of tumorigens in a variety of 
laboratory animals, antimulagens offset the action of mutagens in various bacterial 
systems, eg., Salmonella iyphinwriwn in the Ames test. Some antimulagens are also 
ant iearci nopens, hi heir review on antimulagens ami inhibitors of mutagenesis. Kamel 
et al. (1986) discussed many anti mutagens identified in plants, particularly edible 
plants. Tobacco was not discussed s|X'cilicall>. but the natural occurrence of the an¬ 
ti mutagens o-tocophcrol (Vitamin I:). 3-phenyl-2-propcnal (einnamaldehyde). 2//-I- 
Ix'ii/opvranO-one (eoumarin), and 7-lmlioxy-2/M*f>cn/op>ran-2-one (umkllifcronc) 
was noted. The four arc known tobacco components: all except 7-hydroxv-2//-l- 
k*n/op>ran-2-one have ken identified in tobacco smoke. 

Lee and Reed (1983) observed that nicotine inhibits the mutagenic activity of A- 
ititrosodinicthytaininc hut not lx*n/o|r/|pyrcnc in the Ames test (.V lyphimunum TA 
100). Although the mechanism of this anti mutagenesis has not ken defined. Morphy 
and Mcilhrun (1990) in their recent report on the inhibition of metabolism of A - 
nilrosonornieotiiie In nicotine suggested that nicotine inhibition of niliosaminc ac¬ 
tivation may k involved. Recently. Lee and f-'ulp(l99|) confirmed the earlier finding 
on Ihe anlimntagenie clfeet of nicotine on A-ntlrosodintclln famine. 

I ee c/ al. (I99 U also observed that MS CSC inhibits the mutagenicity of hclcmcyclic 
aromatic amines tested in the Ames assay (.V. fvphinwnnm IA 98 plus S9 activation 
system). The amines tested were the so-called cooked fowl mulagcns Gltt-IM. Glti- 
R-2. IQ. MelQ. Trp-IM, and l rp-R-2 (Sugimura. 1986) derived from glutamic acid 
Kiln) and trvptophan (Trp). They are potent bacterial mutagens and several have 
been reported to lx.* carcinogenic (I'cllon and Kni/e. 1990). C SC (50 to 100 pg per 
plate) suppiessed the mutagenicity of these amines by as much as 80',’J-. I.nzyinatic 
studies indicated that CSC is a potent inhibitor of cytochrome P-450 dciKiidcnt 
motiooxygenasc. I hereforc. it appears that CSC exerts itsantinnitagemc clfeet by way 
ol inhibition of the P-450 system. 


SOMI: tPITCTS OP I IS PXPOSURP. 


DcMarini (1983) reviewed miitagcnieity studies with MS but had little to say about 
SS or PI S. In his 1986 report, the Surgeon General (USPIIS. 1987) discussed urinary 
mutagenicity in tobacco smokc-cxposed subjects as follows: 

I he urine of tiparelle vnw»kerv has Ken ftiimd to he mutagenic, ami lire number of lvH teri.il 
revertauh pci leM plate i\ related to tin* number of cigarettes smoked per day.... I 'rinarv mu- 
tnpenkilv disappears within 24 hours after smoking tin* last cigarette . . . 11 |ltc measurement of 
mutagenic aetivitv of the urine is not a good <|uan(ilativc measure of lar absorption . . . Only a 
small percentage of what is ;ilt%oibe«t is excreted in the urine as mutagenic chemicals. . . . Ihe 
urine ol smokers presumahh contains a mixture of mans mutagenic compounds. In addition. the 
lest lacks sprcilictlv. in that oilier cmitnmmnl.il exposmes result in urinaiv imitapcniuly. Ihe 
lest may also Ik* insensitive to \erv low ex|msurcs smh as involuntary smoking. 

Since 1986. the dials of ITS exposure on urinary mutagenicity (Adlknfcr cf al.. 
1989; Patough cf al. 1990). eatboxv hemoglobin production, and nicotine and colinine 
levels in bod\ fluids have ken icportcd. I able 4 summarizes the essence of the icsults 
obtained in several representative studies. 
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Stud' involved SS ex|»osurc not 1; IS exposure. 


In most instances. P I'S exposure produced only minor increases in the factor!s) 
king measured. I he findings, from a diverse set of analyses on 1 .1 S-c.xposcd non- 
smokers. are those anticipated from the magnitude of the PIS component dilution 
described bv the NAS-NRC (1986) and by Gori and Mantel (1991). 

No significant rise in urinary mutagenicity in PTS-c.xposcd nonsmokers was found 
in most of the studies. Ihe significance of urinary imilugcnicitx. attributed in non- 
smokers to exposure in IT Sand the mutagens contained therein, has ken questioned, 
lor example. Palouph eta! (1990) noted that ’‘Pxposure to ITS has also ken claimed 
to result in the excretion of mutagens in the urine of nonsmokers. . . . Hus . . . 
observation, however, is tentative al present . . , and is. in an\ event, ol unceitnin 
significance.” and Tutlliei studies on Ihe potential use of mutagemcilv as tneasme 
of exposure to |! I S| are needed. It should he noted that urine mutagenicity cannot 
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lx* used lo assess ex insure . . . because of tin* effects of other sources of mutagens, 
such ns diet.” 

The magnitude of the nicotine uptake from l-TS that resulted in the low levels 
of nicotine and colinine in nonsmokers* IxxJy fluids is not considered to represent 
a significant toxicological problem to the LTS-cxpo.scd nonsmokcr (Matsukura 
rial.. 1984). 

The slight increases observed in the carboxy hemoglobin levels of nonsniokers due 
to l-T S cartmii monoxide are also not considered to rcfircscnt a significant toxicological 
problem to the b!S-ex|xiscd nonsmoker. 


CONCLUDING REMARKS 


L IS is neither MS nor SS. Chemically, MS. SS, and LTS arc qualitatively the same 
but quantitatively dilferent: physically, they differ significantly. 

In active smokers, percentage retentions of MS Pl\ as measured by PL weight loss, 
range from 50 to 90%, values higher than would Ik predicted from particle si/c alone 
due to coagulation, elect rival charge, growth by water condensation, evaporative trans¬ 
fer, and cloud clfccts with the latter two being the most significant. Lor LTS. the 
percentage retention theoretically should Ik 10-20%: a measured value of 11% has 
been reported. 

In its effort to designate LTS as a Group A carcinogen, the LPA relied on reports 
of epidemiological associations between LTS exposure and lung cancer in nonsmokers, 
a list of 43 MS (and lobacco) components defined as lumorigcns. the supposed quan¬ 
titative similarity iKtween LTS and SS chemical conqiositions. and the absence of a 
threshold for any tumorigen. 

Only a Tew components on “The List of 43" have been tested experimentally for 
tumorigcnicity to him* tissue via inhalation. Results with the tobacco smoke com¬ 
ponents lxn/.o[uJpyrcnc. A-nitrospdimcthyl- and /V-nitrosodicthylaminc were rated 
equivocal by the Registry of Toxic Lflccts of Chemical Substances (1987). Polonium- 
210 produced lung tumors of the type associated statistically with cigarette smoking, 
but the Surgeon Genual (USPIIS, 1981, 1982) and llolfmann and llechi (1989) 
discounted it as a cause of lung cancer in active smokers. Similarly, insufficient data 
exist concerning cadmium. It is doubtful that any of the 43 components should be 
included in ‘The List of 43." L.xamination of infornialion on lloflinaim and llccht's 
43 listed components reveals that it is inappropriate to extrapolate from such a list to 
a relationship between MS exposure and lung cancer induction in smokers or IkIwccii 
LTS exposure and lung cancer induction in nonsmokers. 

Several specific components should Ik excluded from “The List of 43“ for other 
reasons: (1)1 he PA 11 reported as dilxwo(n./]pyrcnc was not dibcnzo|</./|pyrciie; (2) 
several research groups failed to confirm the presence of the listed MS a/a-areties; (3) 
maleic hydia/ide-dicthanolaminc salt, the precursor of A'-nilrosodicthanolaminc in 
tobacco and its smoke, is no longer used in U.S. tobacco agronomy; (4) A-Nilmso- 
morplmlinc has not been identified in tobacco smoke: (5) for many listed components, 
quantitative MS data generated in the 1960s and 1970s arc the only data available 
and arc not representative of post-1981 cigarettes. With regard to post-1981 cigarettes, 
it should Ik noted that the per cigarette delivery range lor bcn/.o(o|pyrcnc is substan¬ 
tially lower than the 20 to 40 ng/cigarctte listed. 
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By official regulatory policy, lumorigcns arc considered by some to have a zero 
threshold limit value. However, considerable evidence has been collected since the 
first successful tumor production in laboratory animals by radiation in 1910 and In 
coal tar skin-painting in 1915 that shows a practical threshold limit value exists lor 
most known lumorigcns. This is true not only for MS CSC but also for several individual 
MS components, e g.. bcn/o|o)pyrcnc, dibcn7|o./f|anthracene. in “T he List of 43." 
Life-time mouse skin painting with 3 g or less per year of MS CSC did not induce 
either papilloma or carcinoma; higher total annual doses did produce tumors. Addi¬ 
tionally. inhalation studies with MS-exposed laboratory animals haw consistently 
failed to produce lung tumors of the type statistically associated with smoking in 
humans. Most studies were conducted with the MS diluted 10:1 with air. If positive 
results have never been obtained at a 10:1 dilution, it is obvious that further dilution — 
such as that encountered in L I'S—would not produce a positive result. 

T he LPA overlooked the considerable data indicating that a practical threshold 
limit value exists not only with regard to tumorigenesis in general but also specifically 
for its “suspect" comjvonents on “T he List of 43." Similarly, a threshold has been 
reported with MS fractions demonstrated to be in vitro ciliastals. Because of water 
solubility, substantial amounts of ciliastatic MS components do not reach the lung 
because of solution in the fluids coating the oral cavity and laryngeal area. Nasal 
inhalation (as in LT S inhalation) of these compounds would result in their removal 
by resorption. Several of the 43 components listed as lumorigcns arc highly water- 
soluble and would he removed from MS or LT S in the oral and/or nasal cavitv. Thus, 
their action—if any—on lung tissue would Ik much less than predicted. Similar icsults 
wore lound by dose reduction of MS components or MS fractions demonstrated to 
be in vino ciliastals: With extracts of five MS CSC fractions (phenolic, acidic, neutral, 
basic, and insoluble), dose reductions ranging from 6- to 24-fold—depending on the 
fraction studied—reduced ciliaslasis from immediate and complete to zero. Studies 
with individual aldehydes, ketones, and phenols from tobacco smoke have produced 
similar results. 

Lor several MS componcnls, comparison dala arc available feu their levels in MS 
and LT S. Obviously. LTS—to which the nonsmokcr is exposed—is highly dilute com- 

i 

pared to MS. T his high degree of dilution is reflected in the MS/L.TS dilution ratios 
for nicotine (ranging from 57,000 to 7,200.000). acrolein (15(H) to 20.800). acetone 
(240 to 2000). benzene (112 to 70(H)), and bcn/o(r/|pyrcnc (68 to 40.000). If dose 
reductions or at least 25:1 nullify the tumorigeme clfccts of MS. MS CSC, and MS 
CSC components or nullify the ciliastatic activity or MS CSC fractions or MS Vp 
components, the dilutions ranging from a low of 68 for ben zo| u]p\ re no to a high of 
7,200.000 for nicotine suggest that it is biologically implausible for L I S exposure to 
elicit human lung cancer. 

This dilution cll'cct has been demonstrated in studies involving exposure of non- 
smokers to LTS. L.xposuirs of nonsmokers to LTS and of active smokers to MS have 
been studied With rcgaid to differences in urinary mutagenicity, nicotine and cotintnc 
levels in body fluids, and carl>oxy hemoglobin (COI lb) formation. In most of the studies, 
increases in these parameters were slight Tor LTS-ex posed nonsmokers and were not 
considered to be statistically significant or to represent any toxicological problem. 
These findings indicate that the LTS-exposed nonsmokcr inhales significantly less of 
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lhe smoke components allegedly responsible for the ellcet studied than docs the MS- 
exposed active smoker. 

Finally. MS las well as SS and LTS) contains over KM) components inhibitory or 
anticareinogenie to the lumorigcns in the “ I he List of 43. Many ol these inhibitois 
and ant ica re inopens are present in MS at levels substantially greater than most of the 
listed titmorigens. I his antiearcinogcnrtumoripen ratio will lx* essentially the same for 
MS and LIS since many of the an ticarei imgens amt inhibitors have molecular weights 
and vapor pressure pro|x*rties similar to those of many of the listed lumorigcns. Thus. 

they do not evaporate from MS or LTS particles. 

Fairness of public policy requires consideration of all available evidence, especially 

the evidence in the form of objective scientific data. Selective use of data to support 
conjectures that, in turn, support preconceived agenda will not lead to defensible 
policies, and it is certainly reprehensible science. The evidence presented here, if ob¬ 
jectively examined by the LFA. should significantly influence its assessment of the 

L I S issue. 
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INTRODUCTION 

In IX’ccmbcr 1991. an iiulcpcndcnl scienliftc review panel was convened by Drs. 
Ian Munro and George Carlo lo evaluate critically the methodology and hndings of 
a study by Mayes vt tti (1991). Ibis independent peer review was supported by the 
Industry Task Force II on 2,4-D Research Data. 

The scientific panel reviewed the published study, media releases that accompanied 
the public release of the study, and the interview instrument employed by the study 
investigators which was provided by the National Cancer Institute. A meeting of the 
panel took place during December 1991. The panel was charged with evaluating the 
degree to which the study bv Hayes el ai (1991) supported the hypothesis that 2.4- 
dichlorophcnoxy acetic acid (2.4-D) herbicides are associated with canine malignant 
lymphoma. 


STUDY SUMMARY 

Mayes cl nl. (1991) conducted a case-control study of pathologicalK confirmed 
canine lymphoma in dogs based on data collected from veterinary teaching hospitals 

a 

1 lo whom correspondence dwtihl be addressed nl CanTox. Inc.. 223.1 Arpcnlia Road. .Sin|e .108. Mis- 
smaug. 1 . Ontario l 5N 2X7. Canada. 
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Summary 

Recent monographs from IARC, NAS-NRC, and USPHS Surgeon General include a 
common lilt of 27 particular and 23 vapors allegedly responsible for health effects of 
environmental tobacco smoke (ETS). More than half of listed constituents have 
workplace standards. It takes from less than one to eight cigarettes for total sidestream 
emission (in an enclosed unventilated space of 10m 3 ) to exceed threshold limit values 
(TLV) for nicotine, acrolein, formaldehyde, carbon monoxide, and ammonia. For each 
of 21 constituents, 50 to 29,600 cigarettes would have to be consumed in 10 m 3 to exceed 
respective TLVs. In all, 11 ETS constituents are suspected tumorigens based entirely on 
oral, dermal, subcutaneous, and/or tracheal injection in experimental animals. There are 
six ETS constituents that are in vitro mutagens and seven constituents with no known 
mutagenicity. The sidestream emission for each constituent is so low that any health 
consequence is inconceivable. In summary, there art no published animal experiments or 
human studies indicating that repeated exposure to any one of 50 ETS selected 
constituents can cause pulmonary tumors. 
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During the past year, biomedical literature on environmental tobacco smoke has been 
reviewed by three agencies, namely, the Office of the United States Surgeon General, 
USPHS, [1], the National Academy of Sciences - National Research Council, NAS-NRC 
[2], and the International Agency for Research od Cancer, IARC [3). For the first time, 
the three supposedly independent groups have agreed on a selection of fifty biologically 
active constituents in environmental tobacco smoke (ETS). The selection was derived 
from over 150 constituents of sidestream smoke (SSS) analyzed chemically by Elliott and 
Rowe [4], Hoffmann et al. [5], KIus and Kuhn [6], Schmeltz et al. [7] and Sakuma et al. 
[8-10]. In reality, only 14 of the 50 selected constituents of cigarette smoke have been 
detected in environmental tobacco smoke. The other constituents have not been 
examined because of technical difficulties in anilyzing microgram (10 to minus 6) and 
nanogram (10 to minus 9) concentrations. The 50 constituents comprise 1.3% of over 
38,000 chemical substances identified in mainstream smoke (MSS). According to Duke 
and Green [11], the detection of 3,800+ constituents of cigarette smoke is largely due to 
recent refinements in collection, separation and analysis introduced by tobacco chemists. 
Whereas in 1964, there were only 500+ known smoke constituents and 16+ biologically 
active constituents [12], in 1987 there are 3,800+ MSS constituents, including 50 that are 
biologically active. This presentation focuses on these 50 constituents highlighted in 
recent monographs released by USPHS, NAS-NRC and IARC 
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Table 1. Carbon monoxide (CAS 630-04-0) 
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Environmental Tobacco Smoke (ETS) 

Experimental chambers and temi-ventilated 
Office* and conference rooms 
Restaurants, ban, taverns and nigh? chiba 
Work plaeta 
Moving vehicles 
Trahold limit Value (TLV) 


Main-Stream Smoke (MSS) 

Side-Stream Smoke (SSS) 

Ratio SSS/MSS 

Calculation of maximal cigarette equivalent: 
550mg divided by 101 *5 dgxrencs in 10 cubic 


45.0-31.0 ppm 
315- 15 ppm 
30.0- 0.5 ppm 
29.4- 2.8 ppm 
30.0- 10 ppm 
SO ppm 

55 mg/cubic m 
5S0 mg/10 cubic m 
23-10 mg 
108-25 mg 
4.7- 15 


Threshold Limit Value 

The most widely used estimate of air quality in the workplace is'the Threshold Limit 
Value (TLV). The TLV is deter nined by toxicologists, epidemiologists, and hygiei-sts for 
the American Conference of Governmental Industrial Hygienists [13]. The recom¬ 
mended concentration of a substance, expressed in mg/cubic meter, or in pans per 
million (ppm), is the maximal level that should not be exceeded to prevent occupational 
disease. The TLV is arrived at by interpretation of the literature relating to human 
exposure level, human accidental deaths, if any, and animal lethality; lowest toxic 
concentration and highest nontoxic concentration derived from case reports and animal 
experiments; absorption, excretion and kinetics; toxic effects on skin, mucosa, muscles, 
nervous system, liver, kidneys, blood, reproductive organs, heart and lungs; and 
experimental induction of neoplasm. 

Carbon monoxide is the most widely investigated constituent of environmental 
tobacco smoke (Table 1). The reported concentrations in public places rarely exceed the 
TLV of 50 ppm [14]. An essential step in the following discussion of biologically active 
constituents of cigarette smoke is calculation of "cigarette equivalent" defined as the 
number of cigarettes generating sidestream smoke (SSS) collected in a sealed enclosure of 
10 cubic meters. For carbon monoxide, the maximal amount of SSS is 108 mg which is 
more than 4 times higher than MSS, representing the SSS/MSS ratio of 4.7. The TLV is 
defined as the safe level not to be exceeded to prevent occupational disease. For carbon 
monoxide, the TLV of 50 ppm is equivalent to 55 mg/cubic meter, or 550 mg/10 cubic 
meters. The TLV of 550 mg is divided by 108 mg SSS, which equals 5 cigarettes consumed 
in lOcubic meters. In other words, it takes ignition of 5 cigarettes to maintain the TLV for 
carbon monoxide in a sealed enclosure of 10 cubic meten. 


Milligram, Microgram, and Nano gram Quantities 

The fifty selected cigarette smoke constituents that are biologically active (1-3) are listed 
in Table 2. Half of the chemicals are noted as "V" in the first column to mean vapors and 
gases, such as line IV (carbon dioxide) and Line 2V (carbon monoxide); the remaining 








w ' » 




r — 


Source: hltps://www.industrydocuments.ucsf.edu/docs/hk 


2057825840 





TabU 2. Fifty aeUcted ETS cotsrdxucnu 





Line 

CAS 

Ok mica! name 

SSS mg 

MSS mg 

SSS/MSS 

IV 

124-31-9 

Carbon dioxide 

440-16. 

40-20 

11 . 0 - 8.0 

2V 

630-01-0 

Carbon monoxide 

108-25 

23-10 

4.7-15 

3P 


Particulates 

76-20 

40-15 

1.9-1.3 

4V 

7664-41-7 

Ammonia 

22-10 

1.3-0.5 

170-40 

5F 

54-11-5 

Nice tint 

13-16 

23-1.0 

3.3-16 

6V 

1OS-18-3 

Toluene 

t.0-0.6 

03-0.1 

*.3-5.6 

TV 

10024-97-2 

Nitrogen oxide 

6.0-0.4 

0.6-0.1 

10.0-4.0 

•V 

50-00-0 

Formaldehyde 

5.0-0.7 

0.10-0.07 

50.0-0.1 

9V 

64-19-7 

Acetic acid 

2.9-06 

0.81-0.33 

3.6-1.9 

10V 

74-17-3 

Methyl chlori de 

1.91-033 

0.60-015 

3.3—1.7 

nv 

107-02-1 

Acrolein 

1.50-0.48 

0.10-0.06 

15.0-4.0 

I2V 

€7-64-1 

Acetone 

1.25-0 30 

0.25-0.10 

5.0-10 

13V 

1121-55-7 

3-Vmylpyridine 

130-033 

0.03-0.01 

40.0-20 

14V 

110-16-1 

Pyridine 

0.80-0.10 

0.04-0.02 

20.0-6.5 

15V 

64-18-6 

Formic add 

0.78-029 

0.49-0.21 

1.6-1.4 

16V 

71-43-2 

Benzene 

0.48-0.12 

0.05-04)1 

10.0 

17V 

108-99-6 

3* Methyl pyridine 

0.47-0.04 

0.04-0.01 

13.0-3.0 

ISP 

108-95-2 

Phenol 

0.42-0.08 

0.14-0.06 

3.0-1.6 

19V 

154-23-4 

Catechol 

0.32-0.06 

0.36-0.10 

0.9-0.6 

20P 

123-31-9 

Hydroquinone 

0.27-0.08 

0.30-0.11 

0.9-0.7 

21V 

74-89-5 

Metbylamine 

0.18-0.05 

0.03-0.01 

6.4-43 

22V 

74-90-8 

Hydrogen cyanide 

0.12-0.04 

0.50-0.40 

0.2-0.1 

23P 

50-21-5 

Lactic add 

0.12-0.03 

0.17-0.06 

0.7-0.5 

24P 

79-14-1 

Glycolic add 

0.12-0.02 

0.13-0.04 

0.9-O.6 

23P 

96-48-0 

g-Butyrolactone 

0.11-0.04 

0.02-0.01 

5.0-3.6 

26P 

110-15-6 

Succinic add 

0.09-0.05 

0.14-0.11 

0.4-0.6 

27V 

124-40-3 

DimethyUmine 

0.05-0.03 

0.010-0.008 

5.1-37 

28P 

65-85-0 

Benzoic add 

0.027-0.051 

0.021-0.014 

0.9-0.6 

29P 

91-22-5 

Quinoline 

0.022-0.004 

0.002-0.0005 

11.0-8.0 

30P 

57-88-5 

Cholesterol 

0.019 

0.022 

0.9 

31P 

62-53-3 

Aniline 

0.011 

0.00036 

30.0 

32P 

581-49-7 

Anatabine 

0.010-0.0002 

0.020-0.002 

0.5-0.1 

33P 

16543-55-1 

Nitrosonomicotiae 

0.009-0.0001 

0.003-0.002 

3.0-0.5 

34P 

486-84-0 

Hannan 

0.005-0.0012 

0.003-0.0017 

1.7-0.7 

35V 

463-58-1 

Carbonyl tulflde 

0.005-0.001 

0.070-0.011 

0.1-0.03 

36V 

62-75-9 

N-Nitroeodiroe thy Lamiae 

0.0040-0.0002 

0.00004-0.00001 

100.0-20 

37P* 


NNK 

0.0040-0.0001 

0.00100-0.00010 

4-1 

38P 

95-53-4 

2-Toluidiae 

0.0030 

0.00016 

19.0 

39P 

7440-02-0 

Nickel 

0.0024-0.00026 

0.00008-0,00002 

30.0-13 

40V 

55-18-5 

N-Nitroe odi eth y lamine 

0.0010 

0.000025 

40.0 

41V 

936*55-2 

N-Nitroeo pyTTolidine 

0.00090-0.00004 

0.00003-0.000006 

30.0-6 

42P 

744043-9 

Cadmium 

0.00072 

0.00010 

73 

43P 

7440-66-6 

Ziac 

0.00040 

0.00006 

6.7 

44P 

56-55-3 

Benr(*]anth ra ceot 

0.00028-0.00004 

0.00007-0.00002 

4.0-2 

45P 

92-67-1 

4-Ammobipbenyl 

0.00014 

0.000005 

31.0 

46P 

50-22-8 

Ben 2 Q(a}pyrcne 

0.00014-0.00005 

0.00004-0.00002 

3.5-15 

47V 

302-01-2 

Hydrazine 

0.00009 

0.00003 

3.0 

48P 

116-54-7 

N-Nitroe odiethanolamine 0.00008-0.00002 

0.00007-0.00002 

13-1.0 

49P 

91-59-8 

2-N a pb thy lamine 

0.00005 

0.000002 

30.0 

50P 

7440-68-1 

Polonium-210 

pCi 0.4-0.04 

pCi 0.10-0.04 

4.0-1 


• 3-Pyridyl-3-3-{N-: 


•• 


ethyl-N-Nitros&*mmo)propylketon* 
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aubstance* art labeled as *P\ to mean parriculates. Line 3P (total particulates) has a per 
cigarette range from 76 to 20 mg SSS, 40 to 15 mg MSS and SSS/MSS ratio of 1.9 to 1.3. 
The major component of particulates is in Line 5P (nicotine) ranging per cigarette from 
8.2 to 2.6 mg for SSS and 2.5 to 1.0 per cigarette for MSS. Most of the remaining 
particulate constituents are in microgram quantities (see line 27V for dim ethyl amine, 50 
to 30 microg); polycyclic aromatic amines and metalic constituents art in aanogram 
amounts (Lines 41V to 50P). Most vapor constituents have SSS higher than MSS 
emission; thus, SSS/MSS ratios exceed 1 (see highest ratio of 170 for Line 4V, ammonia). 
However, it should be noted that relatively higher SSS emissions are not directly inhaled 
by nonsmokers but diluted with air in the enclosure, adsorbed in oom furnishings, and 
discharged in the ventilating system. The tabulated MSS quantities apply to noofUtered 
cigarettes and are considerably reduced by incorporation of filters. 


Sidestream Constituents with Workplace Standards 

More than half of the 50 selected constituents are useful industrial chemicals and have 
threshold limit values (Table 3). The 26 constituents are arranged in the order of 
increasing estimated cigarette equivalents, starting with 

- nicotine, then 

- acrolein, 

- formaldehyde, 

- carbon monoxide, and 

- ammonia. 

Their cigarette equivalents art less than 10, i.e., it takes 8 or less cigarettes to approach the 
correspondingTLV consumed in an enclosed nonventilated space of 10 cubic meters. For 
(v) hydrazine, (w) aniline, (x) dimethylamine, (y) acetone, and (z) 2-toluidinc, the 
cigarette equivalents exceed 1,000. The situation seems impossible because the amount of 
oxygen in a 10 cubic meter enclosure will not support combusion of 1,000 or more 
cigarettes. The most extreme equivalent of 29,600 cigarettes can be dismissed as 
ridiculous, because 29,600 cigarettes would almost completely fill 10 cubic meters of 
enclosed space. Therefore, a consideration of TLVs can not support the allegation that 
any one or more of the fifty selected constituents in ETS can cause smoking-associated 
diseases in nonsmokers. There is a margin of safety of 10 or more times TLV for an initial 
biologic effect to appear, and 100 to 1,000 times for poisoning and death. The target 
organs include mucosal lining, nervous system, lungs, skin, eyes, kidneys, liver and 
blood. 


Sidestream Constituents Without Workplace Standards 

The polycyclic aromatic amines, including benz(a)anthracene and benzo(a)pyTene, are 
formed during the combustion of organic matter and fuels. In animal experiments, 
repeated oral, dermal, subcutaneous or intratracheal administrations cause tumors 
(Table 4). However, inhalations of the same tabulated polycyclic amines or polonium, 
simulating human exposure to SSS or MSS, do not result in pulmonary tumors. A true 
inhaled carcinogen causes pulmonary lesions in both experimental animals and exposed 
humans. For example, bischloromethyl ether (BCME) and chloromethyl methyl ether 
(CMME) are proven inhaled tumorigens because human neoplasms seen in workers can 
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Table 3. Sid es tr ea m constituents with workplace standard 


Chemical Name 

Initial* Maximum 

lethal SSSmg/dg 

TLV 

mg/cum 

Cigarette 

equivalent 

Line 

(a) Nicotine 

N/N 

12 

0.5 

0.8 

5P 

(b) Acrolein 

M/P 

U 

0.25 

1.7 

11V 

(c) Formaldehyde 

M/P** 

5.0 

1.5 

3 

8V 

(d) Carbon monoxide 

B/N . 

108 

55 

5 

2V 

(e) Ammonia 

M/P 

22 

18 

8 

4V 

(0 Nitrogen oxide 

M/N 

6.0 

30 

50 

7V 

(g) Hydroquinone 

O/N 

0.27 

2 

74 

20 P 

(b) Acetic add 

M/P 

2.9 

25 

86 

9V 

(i) Formic add 

M/P 

0.78 

9 

115 

15V 

(j) Pardculato 

M/P 

76 

1,150 

131 

3P 

(k) Pyridine 

M/H 

0.8 

15 

188 

14V 

0) Carbon dioxide 

N/N 

440 

9,000 

204 

IV 

(m) Nickel 

M/P 

0.024 

0.1 

417 

39P 

(n) Phenol 

M/P 

0.42 

19 

452 

18P 

(o) Toluene 

N/B 

t.O 

375 

470 

6V 

(p) Methyl chloride 

M/N 

1.98 

105 

530 

10V 

(q) Catechol 

D/K, 

0.32 

20 

617 

19V 

(r) Benzene 

N/B** 

10.0 

30 

625 

16V 

(i) Methylamine 

M/N 

0.18 

12 

672 

21V 

(t) Cadmium 

M/P 

0 00072 

0.05 

700 

42P 

(u) Hydrogen cyanide 

B/N 

0.12 

11 

880 

22V 

(v) Hydrazine 

M/H** 

0.00009 

0.1 

1,040 

47V 

(w) Aniline 

B/B 

0.011 

s 

4,400 

31P 

(x) Dime thy lam in e 

M/H 

0.05 

18 

6,250 

27V 

(y) Acetone 

M/N 

1.25 

1,710 

14,240 

12V 

(z) 2-ToluicUne 

M/B 

0.003 

9 

29,600 

38P 

• Initial effects/lethal 

target organs: 

B * Blood; 

D* Dermal; 

H* Hepatic; K* 

Kidney; 


M *= Mucosal irritation; N * Nerout system; P * Pulmonary 
•• Suspected tumorigen 


be reproduced by inhalation exposure or experimental animals to BCME or CMME [15). 
The suspected tumorigens in SSS and MSS administered by inhalation of tobacco smoke 
do not induce pulmonary neoplasm in experimental animals. 

The last group of SSS constituents without workplace standards have been tested for 
mutagenicity. The results of mutagen testing have been positive for six constituents, and 
negative for seven others (Table 5). All of them have not been tested by inhalation route, 
and available biological activity are derived from oral, parenteral injection, or 
dermttomucosal application in experimental animals. 


Conclusions 

The consensus selection by the USPHS, NAS-NRS and IARC of fifty constituents in 
environmental tobacco smoke has been reviewed in terms of potential health effects. It is 
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t4. Sidestream constituents without workplace standards: stapected 
der mal or intratrachea] adminis tration in experimental animals 



based on 


Chemical name 

Maximum SSS mg 

Bout* 

» 

Line 

4-Aminobipbenyl 

0.00014 

oral, subcutaneous 

45P 

Benz(a )anthraceae 

0.00025 

dermal, subcutaneous 

44 P 

Bearo(a)pyT , ece 

0.00014 

oral, dermal, tracheal 

46P 

2-Naphthylamine 

0.00005 

oral, subcutaneous 

49P 

NNK* 

0.004 

Mutagen 

37P 

N-Nitrotodimeth yUmiae 

0.004 

oral, dermal 

36V 

N-Nitroiodiethylimine 

0.001 

oral, dermal, tracheal 

40V 

N-Nitrotodiethinolanune 

0.00005 

oral, subcutaneous 

48P 

N-NitrosopyiTolidine 

0.0009 

oral 

41V 

N-Niooson orai cotine 

0.009 

oral, subcutaneous 

33V 

Polonium - 210 

pCi 0.4 

tracheal 

SOP 


•3-pyridyl-3«(N-methyl-N-'Nitro*ammo) , pfopylkeion*. 





TabltS, S i d es tream constituents without workplace standards: unsuspected tumorigens; some 
posi ti ve fenotoxirity 


Chemical name 

Maximum SSS mg 

Gcaotoxidty 

Line 

Anaubise 

0.010 

Negative 

32P 

Bensoic add 

0.027 

Mutagen 

28 P 

g-Buryro lactone 

0.11 

Negative 

25P 

Carbonyl sulfide 

0.005 

Negative 

35V 

Cholesterol 

0.019 

Mutagen 

30P 

Glycolic add 

0.12 . 

Negative 

24P 

Harman 

0.005 

Mutagen 

34P 

Lactic add 

0.12 

Mutagen 

23P 

3-Methylpyridine 

0.47 

Negative 

17V 

Quinoline 

0.022 

Mutagen 

29P 

Succinic add 

0.09 

Mutagen 

26P 

3-Vinylpyridine 

1.20 

Negative 

13V 

Zinc 

0.0004 

Negative 

• 

43P 



this reviewer’s opinion that the selected constituents do not cause smoking-associated 
diseases in nonsmokers. The concentrations in sidestream smoke are so low that 
respective threshold limit values may be exceeded by igniting less than 10 rigaxettes in 10 
cubic meter enclosure for nicotine, acrolein, formaldehyde, carbon monoxide and 
ammonia. However, this is unlikely to occur in public places or dwellings. It will take 55 
to 29,600 ignited cigarettes in a 10 cubic meter enclosure to exceed the respectiveTLV for 
21 other constituents. The remaining 24 constituents with no recommended work 
standards have been tested for tumorigenicity and genotoxicity. Polycyclic aromatic 
amines do not cause pulmonary tumors when administered by inhalational route in 
experimental animals. Other constituents have not been investigated by inhalation route 
but instead, by oral, subcutaneous injection, or dermatomucosal application. Finally, it 
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should be noted that with the ext ption of carbon dioxide, carbon monoxide, 
particulates, ammonia and nicotine, the 44 other remaining constituents are present in 
cigarette smoke in micro grim and nanogram quantities. Since the total emission is so 
small and diluted by environmental air, it is unlikely that any one of the fifty selected 
constituents can be a health harard to the nonsmokers. Potentiation between two or more 
constituents has not been proven or disproves 
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SUSPECTED PULMONARY CARCINOGENS IN 

ENVIRONMENTAL TOBACCO SMOKE 


Dominao M. Aviado 




ABSTRACT 

Among 50 environmental tobacco smoke constituents listed as potentially 
harmful to human health, 17 are designated as suspect carcinogens by either the 
U.S. National Toxicology Program, or the International Agency for Research on 
Cancer, or both. The 17 constituents have not been adequately shown to cause 
pulmonary cancer via inhalation in animals. On the other hand, pulmonary 
carcinogens not present in environmental tobacco smoke, such as bis-choromethyl 
ether, are supported by adequate human and animal inhalation studies. 

INTRODUCTION 

Recent reports from the U.S, Surgeon General (1), the U.S. National 
Academy of Science - National Research Council (2, 3), and the International 
Agency for Research on Cancer (IARC) (4), have made a "consensus" list of 
potentially harmful constituents of environmental tobacco smoke (ETS). Among 
the selected fifty constituents, 17 are designated suspect carcinogens by 
either the U.S. National Toxicology Program (USNTP) (5), or the International 
Agency for Research on Cancer (4), or both. The purpose of this presentation 
is to discuss the above mentioned reports in terms of pulmonary carcinogenesis. 
In December 1987, the most comprehensive database became available to 
scientists interested in environmental and occupational health. The Registry 
of Toxic Effects of Chemical Substances (RTECS), hitherto available only to 
personnel of National Institute of Occupational Safety and Health, can be 
accessed through the National Library of Medicine (Medline) (6). The unique 
feature contained in the RTECS database for over 90,000 substances is a uniform 
expert evaluation of animal testing results for carcinogenesis. A uniform 
standard has been adapted to differentiate between "equivocal” and "unequi¬ 
vocal" results of suspected carcinogens administered by various routes. The 
following discussion is intended as a "review of reviews" on ETS constituents 
suspected by some of causing pulmonary cancer. 

REFERENCE STANDARD FOR INHALED PULMONARY CARCINOGENS 

Prior to the discussion of ETS constituents, it is necessary to briefly 
describe a reference pulmonary carcinogen such as bis-choromethyl ether. 
Exposure of workers to this substance increases the risk of lung cancer, 
mainly, oat-cell carcinoma. The exposure occurs in chemical plant workers, ion 
exchange resin makers, laboratory workers, and polymer workers. Absorption of 
the chemical is through the lungs and skin. It is rated by USNTP as a "known 
carcinogen" because there is "sufficient evidence of carcinogenic!ty from 
studies in humans", which suggests a causal relationship between the agent and 
lung cancer (5). 

Bis-chloromethyl ether produced tumors at the site of application in mice 
and rats, i.e., in the lungs after inhalation, subcutaneous tissues after 
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injection, and in the skin after repeated topical application. The features of 

inhalation studies are as follows (6): 

rat inhalation - 100 ppb for 6 hours daily for 6 weeks; 

rat inhalation - 100 ppb for 6 hours daily for 26 weeks; 

rat inhalation - 75 ppb for 6 hours daily for two years; 

mouse inhalation - 1 ppm daily for 82 days. 

The above results support the rating by IARC of "sufficient evidence" as an 
animal carcinogen (5) and the rating by USNTP of "known carcinogen." The 
threshold limit value (TLV) is 0.001 ppm, which provides an acceptable factor 
of safety based on additional short-term inhalation studies in humans and 
animals (6). 

REFERENCE STANDARD FOR ENVIRONMENTAL TOBACCO SMOKE CONSTITUENTS 

% 

BenzoCa]pyrene is the most widely investigated constituent of tobacco 
smoke and has been detected in mainstream smoke, sidestream smoke and ETS 
(1-4). In the accepted terminology of USNTP, this constituent is not a “known 
carcinogen" but "may reasonably be anticipated to be carcinogen" (5). The 
primary reason for this rating is a lack of human epidemiologic data showing 
that exposure to benzo[a]pyrene alone is a risk factor for cancer in humans. 

The lack of human epidemiologic data relates to the IARC rating of "sufficient 
evidence" for animal cancer, but not for human cancer. 

Tumors have been reported at the site of administration of benzo[a]pyrene, 
such as dermal, subcutaneous, intramuscular, intracerebral, intraperitonel, and 
rectal areas. The results of intrathoracic routes are as follows (6): 

dog intrathoracic implant - 651 mg/kg continuously for 2 weeks; 

rat intrathoracic implant - 150 ug/kg continuously for 2 weeks; 

mouse intratracheal injection - 200 mg/kg intermittently for 10 weeks; 

rat intratracheal injection - 200 mg/kg intermittently for 15 weeks; 

rabbit intratracheal injection - 145 mg/kg intermittently for 2 years; 

hamster intratracheal injection - 120 mg/kg intermittently for 17 weeks; 

hamster intratracheal injection - 360 mg/kg intermittently for 36 weeks; 

hamster inhalation - 9500 ug/cuM 4 hours intermittently for 96 weeks; 
mouse inhalation - 200 ng/cuM 6 hours intermittently for 13 weeks. 

In the above listed testings, RTECS has rated inhalation and most other results 
as an "equivocal tumorigenic agent" yielding "uncertain but seemingly positive" 
results (6). The positive results not rated as "equivocal" were derived by 
intrathoracic implantation or intratracheal injection. Only the inhalation 
study is relevant to the health effects of ETS, but the results are designated 
"equivocal". 

The concentrations of benzo[a]pyrene were reported as 9500 ug/cuM in the 
hamster, and 200 ng/cuM in the mouse. The peak benzo[a]pyrene concentration 
reported in the literature is 0.14 ug/cig or 140 ng/cig for sidestream smoke 
emitted by one cigarette. The mixture inhaled in one hamster study consisted 
of 9500 ug, which, when divided by 0.14 ug, is equivalent to 67857 burning 
cigarettes contained in one cuM. In the mouse study, the mixture consisted of 
200 ng (divided by 140 ng equals 1.43 burning cigarettes in one cuM of inspired 
air), and the results were "equivocal". Although the concentration in the 
mouse is lower than that used in the hamster (by a factor of 47452), even the 
"equivocal" results are still inapplicable to ETS. The estimate of 67857 
burning cigarettes per cuM of enclosure would be intolerable in terms of 
mucosal irritation; so that a person would not remain in the enclosure long 
enough to simulate conditions of animal inhalation experiments. 

BenzoCajpyrene is one of 46 polycyclic aromatic hydrocarbons (PAH) 
contained in mainstream smoke, but only ten have been detected in ETS (4). The 
following five PAH's have been tested by skin painting only: benzo[a]flourene, 
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39 ng/cuM; benzoCgi]perylene, 5.9 to 17 ng/cuM; coronene, 0.3 to 2.8 ng/cuM; 
dibenz[a,jjanthracene, 6 ng/cuM; and perylene, 0.1 to 11 ng/cuM. The above 
corresponding ranges of concentration in ETS are considerably less than that 
for benzo[a]pyrene (2,8 to 760 ng/cuM). 

Benzo[a]pyrene is a research chemical and only researchers would be 
exposed to the pure substance. However, occupational exposure is widespread 
because benzo[a]pyrene is present in coal tar, coke oven emissions, and 
creosote, that have corresponding work exposure standards (5). Benzo[a]pyrene 
and other PAH's occur in the combustion products of coal, oil, petroleum and 
*biologic matter. Human exposure can occur indoors as a result of heating and 
cooking with natural gas, oil, coal, and wood. Individuals working at 
restaurants, airports, tarring facilities, refuse incinerators, power plants 
and coke manufacturing facilities may be exposed to benzo[a]pyrene and related 
polynuclear aromatic hydrocarbons. 

“SUSPECTED CARCINOGENS” IN ENVIRONMENTAL TOBACCO SMOKE 

Among the “consensus" selection of fifty health hazardous substances 
(1-4), there are 17 "suspected carcinogens" by either the USNTP (5), or IARC 
(4), or both. The following table lists 17 substances in decreasing order of 
amounts in sidestream smoke (SSS, expressed as mg/cigarette). It should be 
noted that the total sidestream smoke emissions are derived from maximal values 
reported in the literature (1-4). The column on Chemical Abstract Service 
(CAS) registry numbers did not appear in cited reviews and are added in Table 1 
to establish accuracy in identifying biomedical literature for 17 "suspected 
carcinogens". 

Table 1. Sidestream Constituents and Primary Sources. 


NTP 


Line 

CAS No. 

SSS Constituents 

$SS:mq/ciq 

Primary Sources 


630-08-0 

Carbon monoxide 

108 

BC I 


54-11-5 

Nicotine 

8.2 

T 

(a) 

50-00-0 

Formaldehyde 

5.0 

HIP 

(b) 

71-43-2 

Benzene 

0.48 

HIP 

(c)* 

16543-55-8 

Nitrosonornicotine 

0.009 

T 

(d)* 

62-75-9 

Nitrosodimethy!amine 

0.004 

I R 

(e) 

7 

NNK** 

0.004 

T 

(f) 

95-53-4 

2-Toluidine 

0.003 

I 

(g) 

7440-02-0 

Nickel 

0.0024 

IP 

(h) 

55-18-5 

Nitrosodiethyl amine 

0.001 

IPR 

(D 

930-55-2 

Nitrosopyrrolidine 

0.0009 

B W 

(j) 

7440-43-9 

Cadmium 

0.00072 

IP 

00 

56-55-3 

Benz[a]anthracene 

0.00028 

C R 

(1) 

92-67-1 

4-Aminobiphenyl 

0.00014 

I R 

(m) 

50-32-8 

Benzo[a]pyrene 

0.00014 

C R 

(n) 

301-01-2 

Hydrazine 

0.00009 

IP 

(0) 

116-54-7 

Nitrosodiethanol amine 

0.00008 

P W 

(P) 

91-59-8 

2-Naphthyl amine 

0.00005 

I R 

(q)* 

7440-68-1 

Polonium 210 

(pci 0.4)*** 

HI 


* Not in USNTP Annual Report on Carcinogens (5); Suspected carcinogen in IARC 
publications(4) 

** 3-Pyridyl-3,3(N-methyl-N-nitrosoamino)propyl ketone 

*** picocurie 
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The above table Includes nicotine and carbon monoxide for the purpose of 
comparison. Nicotine is often designated the most pharmacologically active 
constituent of tobacco smoke (8,9), but is not a suspected carcinogen. It is 
present in ETS at concentrations ranging from 3 to 38 ug/cuM (10). Carbon 
monoxide also is not a suspected carcinogen and is present in ETS in 
concentrations ranging from 0.5 to 35 mg/cuM (11). The presence of carbon 
monoxide in ambient air represents contributions from tobacco smoke as well as 
from combustion of fuels and from biologic processes. Nicotine, nitrosonor- 
nicotine and NNK are the only constituents in the above table that originate 
solely from tobacco smoke. The 17 tabulated constituents (a to q) originate 
primarily from sources other than tobacco (T), namely, £iologic matter; 
Combustion; Household pollution; Industrial chemical manufacturing; 
products personal and public use; Research use; and Waste, both solid 
and liquid. 

SIDESTREAM SMOKE AND ENVIRONMENTAL TOBACCO SMOKE 

The total sidestream emissions for carbon monoxide, nicotine and 17 
"suspected carcinogens" are expressed as mg per cigarette. The highest amount 
(108 mg) is for carbon monoxide, and the lowest amount (0.00005 milligram or 
.05 microgram, or 50 nanograms) is for (p) 2-naphthylamine. The microgram (ug) 
and nanogram (ng) quantities of sidestream emissions suggest that hundreds or 
even thousands of cigarettes would need to be ingnited in an enclosure in order 
to reach hazardous levels in the environment. 

Threshold Limit Values (TLV) 


In the workplace, threshold limit values are available for some substances 
under consideration (7): 

Table 2. Cigarette Sidestream Emissions to Attain TLV Levels. 

Cig* Equivalence 


Line 

SSS Constituent 

SSS:mg/cig 

TLV mg/cuM 

per 100 cuM 

(a) 

Formaldehyde 

5.0 

1.5 

30 

(g) 

Nickel 

0.0024 

0.1 

4166 

(b) 

Benzene 

0.48 

30 

6250 

(j) 

Cadmium 

0.00072 

0.05 

6944 

(n) 

Hydrazine 

0.00009 

0.1 

111111 

(f) 

2-Toluidine 

0.003 

9 

300000 

(q) 

Polonium 210 

(see text) 


2500000 

(m) 

Benzo[a]pyrene 

(see text) 


6785700 


The estimate for cigarette equivalence is for sealed non-venti lated enclosure 
of 100 cubic meters. Based on total sidestream emission per cigarette and TLV, 
it would take 300000 burning cigarettes to approach the respective TLV for 
2-toluidine (9 times 100 divided by 0.003). The cigarette equivalence for 
Polonium 210 is estimated as 2500000 based on "action level" for radon indoors 
(12). As stated above the benzo[a]pyrene hazardous level is derived from 
transposition of concentrations used in hamster inhalation study. 

Experimental Pulmonary Carcinoqenesis 

The suspicion that each of 17 ETS constituents causes cancer is based on 
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results of animal testing such as the following (6): 

skin painting resulting in skin tumors: (d) nitrosodimethylamine; (h) 
nitrosodiethylamine; (k) benz[a]anthracene and others, 
added to drinking water causing liver and urniary bladder neoplasms: 

(d) nitrosodimethylamine; (e) NKK; and (o) nitrosodiethanolamine. 
added to diet causing liver and bladder neoplasms: (f) toluidine; (1) 
aminobiphenyl; and (s) naphthylamine. 
oral gavage or intraperitoneal injection causing pulmonary and 

extrapulmonary neoplasms: (c) nitrosonornicotine; (e) NNK; (h) 
nitrodiethylamine; (i) nitrosopyrrolidine; (n) hydrazine; and (k) 
benz[a]anthracene. 

intratracheal injection causing pulmonary neoplasm: (m) benzo[a]pyrene. 

inhalation causing pulmonary neoplasm: (m) benzo[a]pyrene. 

inhalation causing intraabdominal neoplasm: (d) nitrosodiethylamine. 

inhalation causing leukemia: (b) benzene. 

inhalation causing nasal tumor: (a) formaldehyde. 

inhalation causing tracheal neoplasm: (g) nickel; (j) cadmium. 

It should be noted that nearly all constituents listed as carcinogens in the 
study were not tested by inhalation routes, but instead, by oral, intra¬ 
peritoneal, dermal and intratracheal administration. The last mentioned route 
should not be confused with inhalation for several reasons relating to 
absorption, disposition and metabolism (Table 3). The five substances in the 
list tested by inhalation are: (a) formaldehyde, (b) benzene, (g) nickel, (j) 
cadmium, and (m) benzo[a]pyrene. All five have been identified in miniscule 
quantities in sidestream smoke and originate primarily from processes and 
substances unrelated to tobacco smoke, i.e., building materials and auto 
emissions. As stated above, the results of benzo[a]pyrene inhalation testing 
are "equivocal". 


Table 3. Comparative Physiology Resulting from Inhalation Versus Intratracheal 

Injection. 


Pulmonary Function 

Anesthesia 

Vehicle 

Oropharyngeal trauma 
Administered dose 
Protective cough reflex 
Mucociliary transport 
Absorption 

Extrapulmonary metabolism 


Inhalation 

no 

air 

no 

simulate human 

present 

efficient 

limited by exposure 
limited by exposure 


Intratracheal Injection 
necessary 

excipient or solvent 
yes 

impractical 

subdued 

overload 

prolonged beyond injection 
continuously 


Experimental carcinogenesis relating to ETS inhalation can only be 
investigated by exposing animals in an appropriate chamber (13). Inhalation 
exposures of animals have assisted in identifying carcinogens in the workplace, 
such as bis-choromethyl ether (see above). Since the relevant exposure route 
for ETS constituents is limited to the respiratory tract, extrapulmonary routes 
are not germaine. The intratracheal route cannot be used to prove or disprove 
pulmonary carcinogenicity because of alterations in lung function relating to 
absorption, elimination and pharmacokinetics. Intratracheal injection has been 
a useful tool for research on enzymatic, immunologic and histochemical changes 
that relate to carcinogenesis. However, the procedure has not been used for 
bioassay testing which is exclusively limited to the inhalation route for 
substances absorbed through the respiratory tract. 
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CONCLUSIONS 


The criteria for proving that ETS contains pulmonary carcinogens have not 
been met. The available information for 17 alledged carcinogens detectable in 
ETS is limited to animal experiments, mostly consisting of dermal, oral, and 
parenteral injections. Intratracheal injection influences physiologic and 
biochemical events in the lungs to the extent that results cannot be applied to 
ETS exposure. Furthermore, for ETS constituents with workplace standards, 
hundreds or even thousands of cigarettes need to be ignited continuously for. 


ETS to reach designated "carcinogenic” levels in an enclosure. The absence 
relevant human or animal inhalation studies does not support the hypothesis 
that the 17 constituents in ETS are pulmonary carcinogens. The possibility 
potentiation or antagonism among the constituents has not been proved or 
disproved, nor do the data exclude extrapulmonary carcinogenicity following 
oral administration or workplace exposure to levels considerably higher than 
those of ETS. 


of 


of 


REFERENCES 


1. 


2 . 


3. 


4. 


5. 


6 . 


7. 


8. 

9. 

10 

11 

12 

13 


Report of the U.S. Surgeon General, (1986) Health Consequences of 
Involuntary Smoking. U.S. Government Printing~Off fee, Washington7 PP 
Hu-131. 

Committee on Passive Smoking, National Research Council (1986) 
Environmental Tobacco Smoke; Measuring exposures and assessing health 
effects . National Academy Press, Washingtonr^PP 280-28L. 

Committee on Airliner Cabin Air Quality, National Research Council (1986) 
The Airliner Cabin Environment , National Academy Press, Washington, pp 


m 


Agency for Research on Cancer (1986) Evaluation of the 
Risk of Chemicals to Humans and Tobacco Smoking, Lyon, 


National Toxicology Program (1985) Annual Report on 
Fourth Edition, National Technical Information" Service, 
Virginia, 601 pages 

for Occupatioal Safety and Health (1987) Registry of 


International 
Carcino 
France, Vo 
United States 
Carcinogens . 

Springfield, 

National Institute 

Toxic Effects of Chemical Substances (RTECS) available since December 
J§87 on TOXNET, National Library of Medicine, Bethesda, Maryland. 
American Conference of Governmental Industrial Hygienist (1986) 
Documentation of the Threshold Limit Values and Biological Exposu re 
IndicesT "fifth Edition, Cincinnati, Ohio, 644 pages + AppendfceY* 

Aviado DM (1965) The Lung Circulation Vol. I, Pergamon Press, Oxford, pp 
495-550. 

Aviado DM. (1972) The Pharmacologic Basis of Medical Practice 8th 
Edition, Williams & WiTkins, Baltimore,^ MaryTand^, "pp^ Jr '“ r ' 

Muramatsu J, Umemura S, Okada T, Tomita H. (1984) Envir Res 35:218-227. 
Aviado DM. (1984) Eur J Resp Pis (Supp. 133) 47-60. 

Brambley MR, Overman rY (1987) C and EN, November 30 issue, p 3. 

Salem H (1987) Inhalation Toxicology: Research Methods , Applications 
and Evaluation, Marcel Dekker, New York, 463 pp. 


544 








QC 

iss 

O© 

CJl 

to 


hitps:/ywww.industfydocuments.ucsf 




2057825853 





Source: https://www.industrydocumenls.ucsl.edu/docsrtikbjOOOO 



I 






2057825854 


Source: https:/;\.vww.industrydocumenls.ucsf.edu/docs'hkbjOOOO 






indoor Air, 2,180-193 (1992) 

©1992 Munksgoord, DK-Copenhagen 



The Indoor Air Quality Programme 
of the WHO Regional Office for Europe 


Michael J. Suess, Sc.D. 1 

WHO Regional Office for Europe 


Abstract 

The indoor air quality (IAQ) programme of the World Health 
Organization Regional Office for Europe zoos initiated in the 
mid-seventies when it was realized that over 10 % of the general 
population spends its time indoors in homes, office buildings, 
schools, hospitals, transportation means, etc. The first meeting of 
experts on health aspects related to IAQ was convened in 1979, 
being probably the first international meeting on IA Q with par¬ 
ticipation from eastern and western Europe as well as from 
North America. Seven meetings followed between 1982 and 
1990, at which the “sick building”syndrome, IAQ research, for¬ 
maldehyde and radon, organic pollutants, biological contami¬ 
nants, combustion products, and mineral fibres were discussed. 

A ninth meeting on sources, control and mitigation is planned 
for 1991. 
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Introduction 

The indoor air environment, as a subject, can be 

conveniently divided into two components: 

a) indoor climate, which deals with temperature, 
humidity and ventilation (including air con¬ 
ditioning), and determines human comfort; and 

b) indoor air quality (IAQ), which includes physi¬ 
cal (e.g., radon), chemical and biological pollu¬ 
tants, and relates to human health. 


This paper describes the development by the World 
Health Organization Regional Office for Europe 
(WHO/EURO) in Copenhagen of its programme on 
IAQ. 

WHO/EURO consolidated in the late sixties its 
traditional environmental sanitation activities, un¬ 
dertaken for many years, and converted them into a 
new and elaborate long-term programme on envi¬ 
ronmental health. This programme included a com¬ 
ponent on atmospheric air pollution and control. By 
1974 it was recognized that IAQ was another subject 
with a serious impact on human health yet un¬ 
touched by WHO. Prior to that time there were very 
few published reports and research papers available 
on IAQ, no international forum addressed this sub¬ 
ject, and no national health authority paid any at¬ 
tention to it. Yet it had become obvious that, at least 
in the highly developed and industrialized countries 
such as those in Europe, the majority of the general 
population was spending most of its time indoors 
(“indoors” in the broadest meaning of the word), 
within enclosed spaces, such as in homes, in educa¬ 
tional and cultural structures (i.e., schools, theatres, 
museums), general working places (i.e., offices and 
professional buildings), medical, health and sports 
facilities (i.e., hospitals, clinics, gyms, closed swim¬ 
ming pools), and most transportation means (i.e., 

* _ — 

cars, buses, aeroplanes, trains, ships, and respec¬ 
tive land, air and sea terminals). When dealing with 
IAQ from a public health viewpoint (in contrast to 
the industrial hygiene situation), one is also con- 
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earned with people working in enclosed spaces, 
where the air quality is not directly affected by the 
nature of their work. 

IAQ activities were proposed for inclusion in 
WHO/EURO’s programme of work in 1974 and the 
first planning meeting took place in 1978. 

► 

Health Aspects related to IAQ 

The planning meeting was followed by the first 
WHO/EURO working group of experts on health 
aspects related to indoor air quality, convened in the 
Netherlands in April 1979. The experts recognized 
that two major developments had made an assess¬ 
ment of the health aspects of IAQ a matter of ur¬ 
gency. The first was the rapid increase in the price 
of energy for heating buildings and the consequent 
need to reduce energy use, which had led to meas¬ 
ures to reduce the rate of natural and forced ventila¬ 
tion in buildings. 

The second development of great concern was the 
introduction of building materials, furnishings and 
consumer products which released harmful conta¬ 
minants to the indoor atmosphere. The Group dis¬ 
cussed the effects of soil surfaces and building ma¬ 
terials which emit radioactive radon gas, asbestos- 
containing materials which can release asbestos 
fibres, and insulation materials and processed wood 
which release formaldehyde. The Group also con¬ 
sidered the wide range of consumer products such 
as personal hygiene products, cleaning agents, bio¬ 
cides, air fresheners, solvents and adhesives, as well 
as hobby and home craft materials, all of which can 
discharge a large number of harmful contaminants 
in appreciable quantities and high concentrations to 
the indoor environment. 

The Group reviewed certain aspects of IAQ 
which have always been of concern but which have 
an even more serious impact with drastically re¬ 
duced ventilation, such as body odours and those 
produced by cooking and tobacco smoking. The 
health consequences of increased respirable suspen¬ 
ded particulate matter (RSP) and CO from tobacco 
smoke and of increased N0 2 , CO and aldehydes 
from the use of unvented combustion of gas for 
cooking and water heating were also discussed. C0 2 
and water vapour produced by man and his activi¬ 
ties in a low ventilation indoor environment can 
have direct and indirect effects on the health of oc¬ 
cupants. Lowered ventilation rates affect the con¬ 
centration of viable particles indoors and thus the 
transmission of infectious disease, especially in cases 


of high density occupancy such as in schools and 
other public buildings. A final report, including 
conclusions and recommendations, was published 
the same year (WHO, 1979). 

Exposure and Health Effects 

The second working group was convened in the 
Federal Republic of Germany in 1982 to review re¬ 
cent work on exposure to indoor air pollutants and 
to assess adverse health effects. The Group paid par¬ 
ticular attention to a problem of great importance 
called, for no better term, the “sick building” syn¬ 
drome. Some people in such buildings feel some 
kind of sickness, a phenomenon which has not yet 
been well enough understood. The meeting also 
dealt with the assessment of health effects on the ba¬ 
sis of animal toxicological studies, appropriate occu¬ 
pational studies (which serve as a basis for compari¬ 
son, but refer to much higher concentrations of pol¬ 
lutants), controlled exposure studies in man, designs 
of sequential studies and epidemiological studies. 
The methodology and priorities of future studies 
were also discussed. 

The Group assessed the adequacy of current 
knowledge concerning the nature and strength of 
the sources of indoor air pollution and their distri¬ 
bution. It considered the status of available measur¬ 
ing equipment and the adequacy of current knowl¬ 
edge regarding population exposure. It also reviewed 
the adverse health effects that have been reported in 
conjunction with indoor air pollutants and the cur¬ 
rent level of knowledge concerning the exposure-re¬ 
sponse relationships for each of the pollutant cate¬ 
gories of interest. 

The state of knowledge on population exposure to 
a number of pollutants was considered. The pollu¬ 
tants were environmental tobacco smoke (ETS), 
N0 2 , CO, radon and daughters, formaldehyde, S0 2 , 
C0 2 , 0 3 , asbestos, non-asbestos mineral fibres, orga¬ 
nic substances and allergens. For each of the pollu¬ 
tants the Group estimated the fraction of the popu¬ 
lation exposed to low and to excessive concentra¬ 
tions. It also rated the adequacy of knowledge about 
sources, their characteristics and distribution, the 
adequacy of available measuring equipment and of 
actual monitoring data. The health effects associated 
with each of the pollutants were considered, as was 
the adequacy of knowledge concerning the expo¬ 
sure-response relationships and the population ex¬ 
posed. Based on current though inadequate levels of 
knowledge, an attempt was made to identify the 
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concentration level below which exposures would 
not be of substantial public health concern, as well 
as the concentration level above which serious pub- 
lie health concern would exist. This assessment was 
made for most, but not all, of the pollutants. Much 
of the information accumulated during this exercise 
was compiled into three tables, becoming a major 
achievement of the working group, and a basis for 
repeated reviews and updating in future meetings 
(see Appendix 2). 

Attention was given also to methods and priori¬ 
ties for further research on assessing exposure. An 
evaluauon was made of the rapid increase in a num¬ 
ber of countries of the “sick building” syndrome in 
which occupants of large non-industrial buildings 
complain of a set of symptoms, the underlying cause 
of which is usually difficult to establish. Considera- 
uon was given to the factors that would have to be 
taken into account if criteria, guidelines and stan¬ 
dards for outdoor air, or for the occupauonal envi¬ 
ronment, were to be applied to the non-occupauonal 
indoor environment. Finally, ways of assessing the 
health effects of indoor air pollutants were con¬ 
sidered and priorities for future work on the assess¬ 
ment of exposure-response reladonships and on the 
impact of indoor air polluuon on health were identi- 
fied. A final report, including conclusions and rec¬ 
ommendations, was published in 1983 (WHO, 1983). 

Indoor Air Quality Research 

The third working group was organized in Stock¬ 
holm in conjuncdon with and immediately follow¬ 
ing the Third International Conference on Indoor 
Air Quality and Climate, held there from 20 to 24 
August 1984. The purpose of this third group was to 
review recent work on IAQ and to examine new de¬ 
velopments in research methodology. A full report, 
including conclusions and recommendadons, was 

published in 1985 (WHO, 1985). 

The "Sick Building" Syndrome 

Although considerable progress has been made in 
recent years in this invesdgauon, the methodology 
is not adequate to clarify the mechanisms of the re- 
acdons that occur under such condidons. There is a 
growing feeling that the number of instances of 
“sick building” syndrome is much greater than was 
originally thought. A Working Group discussed me¬ 
thodological approaches to be chosen for investiga- 
dng the problem. It examined the extent of the 


problem, the population groups that would be at 
risk, how health outcomes should be measured, how 
pracdcal investigations should be conducted and 
how studies should be designed, and finally, pro¬ 
posed some remedial measures (WHO, 1985). 

Radon and Formaldehyde 

The fourth working group met in 1985 in Yugoslavia 
to assess the risk to health and recommend air qual¬ 
ity guidelines for radon and formaldehyde, two pol¬ 
lutants that may adversely affect IAQ. They have 
already become well-known issues, and a lot of ques¬ 
tions have been raised at different governmental le¬ 
vels. The case of formaldehyde from home insula¬ 
tion in Canada is well known, and radon has been 
identified as a pollutant prevailing in more situa¬ 
tions than originally expected. 

Aspects discussed with respect to radon were its 
sources (soil, building material, tap water, and cook¬ 
ing gas), observed levels, routes of exposure (drink¬ 
ing-water, food and air), health effects, evaluation of 
human health hazards, strategies for identification 
and control and characterization of sites for future 
homes. 

With regard to formaldehyde, the expens dealt, 
again, with sources, occurrence in air, roots of expo¬ 
sure (drinking-water, food and air), occupational ex¬ 
posure, smoking, skin absorption and blood ex¬ 
change. Also discussed were the kinetics and meta¬ 
bolism (including absorption, distribution, biotrans¬ 
formation and elimination), health effects, organo¬ 
leptic properties, and evaluation of human health 
hazards. 

In the case of radon, levels are mostly determined 
by site characteristics and secondarily by character¬ 
istics of the structure. In the case of formaldehyde, 
the level is determined by the building characteris¬ 
tics and the presence of sources of formaldehyde in 
the structure or its furnishings, or by occupant acti¬ 
vities. For both pollutants the rate of air exchange 
with the outdoors is important and, for both, the 
control or avoidance of the sources is the most effec¬ 
tive way of reducing exposure to them. The Group 
devoted considerable effort also to identifying avail¬ 
able remedies for the reduction of exposure to both 
these pollutants. The final report includes conclu¬ 
sions and recommendations (WHO, 1986). It was 
also included as a shorter version in a volume on air 
quality' guidelines (see last section). 1^2 

O 

•vj 


Organic Pollutants 

The fifth working group was organized in connec¬ 
tion with, and immediately following, the fourth In¬ 
ternational Conference on Indoor Air Quality and 
Climate held in Berlin (West) from 17 to 21 August 
1987. The Group considered the state of knowledge 
of organic pollutants in indoor air, and assessed 
what is known about the adverse effects on health 
that could result from current levels of exposure. 
The meeting examined the chemical characteriza¬ 
tion of indoor organic pollutants and their distribu¬ 
tion, estimated the population exposure, character¬ 
ized health effects, discussed sensory effects, and 
analysed systemic toxic effects, genotoxicity and car- 
cinogenecity. As a class of contaminants, organic 
compounds in indoor air are extremely diverse; in 
the last decade hundreds of such chemicals have 
been identified. Although most occur in extremely 
low concentrations, there is legitimate concern 
about the effect on human health. Some of the com¬ 
pounds are genotoxic and many exhibit toxic, irri¬ 
tant and/or odorant properties. 

The Group reviewed the findings from a number 
of systematic studies of personal exposures and of 
studies of residential indoor environments and inte¬ 
grated and consolidated the results, giving for each 
compound of significance the distribution of con¬ 
centrations that had been reported. It was found that 
the concentrations and the species of VOC were 
very similar in the studies considered. In each case, 
these concentrations were higher than the corre¬ 
sponding outdoor concentrations, indicating signifi¬ 
cant sources and emissions of these compounds in 
the indoor environment. 

The report of this meeting (WHO, 1989) served as 
a basis for the deliberation in the United States in 
1986 of a national committee assigned the task of 
preparing an IAQ research programme for the US 
Environmental Protection Agency. 

Biological Contaminants 

The sixth working group met in 1988 in Finland to 
consider the state of knowledge on suspended viable 
particles, aero-allergens and other biologically der¬ 
ived suspended material, to examine the nature and 
magnitude of their adverse effects on human health 
and wellbeing, and to evaluate the role of buildings, 
building systems and contents in producing and dis¬ 
seminating such pollutants. By doing so, the expens 
dealt again with a little known and little understood 


IAQ issue, and have broken new ground with the 
discussion results and their respective conclusions 
and recommendations (WHO, 1990a). 

Viable particles suspended in air, and other biolo¬ 
gically derived particles indoors, form a distinct 
class of contaminant. When they are present in in¬ 
door air, even in small quantities, they can have a 
powerful effect on occupants. This effect can be 
through infection of the occupant by a suspended 
infectious agent, in which case the organism multi¬ 
plies in the new host and can produce illness. There 
can also be allergic or irritant effects characterized 
by reactions ranging from uncomfortable to disab¬ 
ling. 

Some infectious diseases such as tuberculosis, le¬ 
gionnaires’ disease or measles have been demonstra¬ 
ted to spread through airborne transmission of the 
infectious agent; airborne transmission may play a 
contributory role in others. In many allergic condi¬ 
tions, building occupants can develop a hypersensi¬ 
tivity to secretions or to fragments or other products 
derived from animals and plants. Viruses do not 
multiply in buildings, but may spread from human 
and a few animal sources. Buildings can contribute 
to the airborne spread of viral disease, either 
through overcrowding or by the spread of airborne 
viruses through the ventilation system. Lack of an 
adequate supply of outdoor air will also increase the 
likelihood of airborne transmission of infectious 
disease, through an increase in the concentration of 
suspended viruses and bacteria in droplet nuclei. 
Exposure to airborne biological contaminants con¬ 
tributes to morbidity in the population. There is a 
wide variety of biological agents and biologically 
derived materials in the indoor environment, and 
these are associated with a range of illnesses. In pre¬ 
senting these agents and their associated illnesses, it 
was important to rate their frequency and severity as 
well as the contribution to total incidence attribut¬ 
able to indoor exposure. 

There are many diseases that have been associated 
with problems of IAQ. The following conditions 
may sometimes be associated with or caused by bio¬ 
logically derived aerosols, as well as having causes 
unrelated to the building environment: rhinitis, 
sinusitis, otitis, conjunctivitis, pneumonia, asthma, 
alveolitis, humidifier fever, bronchopulmonary 
aspergillosis, contact dermatitis, atopic eczema, con¬ 
tact urticaria, mycotoxicosis, allergy, and pseudo-al¬ 
lergic reactions. These conditions have been defined 
in the report on the basis of the medical literature. 

Much attention has been devoted to pathogenic 
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organisms that multiply in buildings and building 
systems; such as Legionella pneumophila which causes 
legionnaires’ disease (legionellosis) and non-pneu- 
monic legionnaires’ disease (Pontiac fever). Factors 
in buildings such as crowding and recirculated ven¬ 
tilation air can also promote the spread of airborne 
pathogens emitted by occupants suffering from tu¬ 
berculosis, measles, varicella and other diseases. As¬ 
sessment of the effect of biologically derived aero¬ 
sols has to be made for the medical management of 
individual patients, or for populations in the case of 
an outbreak in an exposed population. The connec¬ 
tion between exposure and outcome is often not 
easy to make. Since the overall process usually be¬ 
gins with a presenting clinical outcome either in an 
individual or in a population, the first discussion 
has concerned itself primarily with outcome assess¬ 
ment. 

When examining the hazard associated with en¬ 
vironmental exposure, a number of issues were re¬ 
viewed, including infectious and allergic mechan¬ 
isms, inhalation of mycotoxins and irritants derived 
from bio-aerosols indoors. Environmental measure¬ 
ment and sampling were carefully reviewed. The 
discussion of sources and control of microbiological 
contaminants included reference to ventilation, 
moisture, temperature, building microbiology, bio¬ 
logically derived particles from animals, pollen and 
fungi, bacteria and viruses brought indoors, strate¬ 
gies for control, building design and construction 
materials, ventilation and filtration systems, humid¬ 
ity control and air conditioning, cleaning, mainten¬ 
ance and repair, behavioural factors, and social, 
economic and regulatory considerations. Ventilation 
system components such as cooling towers, air chil¬ 
lers and humidifiers and dehumidifiers can support 
the growth of fungi, bacteria and other microorgan¬ 
isms. These can also grow on the structural parts of 
a building if the relative humidity inside the build¬ 
ing reaches 70% or more, while dust mites can mul¬ 
tiply in furnishings. Such microorganisms or pro¬ 
ducts excreted by them or by arthropods and larger 
animals can be introduced into the indoor air, caus¬ 
ing a variety of allergic and irritant reactions in the 
occupants. 

Excessive concentrations of water vapour and ac¬ 
companying condensation, water leaks, failures of 
equipment drains or lack of cleaning and mainten¬ 
ance can all contribute to the introduction of viable 
or biologically derived contaminants into building 
ventilation air. A sizeable proportion of the popula¬ 
tion is, or is capable of being, sensitized over a life¬ 


time to these forms of biological air contaminants. 
Other allergenic and toxic contaminants are animal 
dander, fragments of mites and other arthropods, 
and aerosols formed from animal faeces and urine. 
The combined effect of all the biological air conta¬ 
minants in indoor air is thought to account for a 
substantial proportion of absenteeism in schools and 
workplaces and of the days where activity is restric¬ 
ted. In the general population, five to ten days of re¬ 
stricted activity per head per year is a normal aver¬ 
age. By reducing biological air contaminants in¬ 
doors, acute infections and allergic episodes could 
be significantly reduced. It was pointed out that, in 
any building, the cost of losses in productivity due 
to absenteeism and restricted activity far exceeds the 
total cost of operating and maintaining the heating, 
cooling and ventilation systems. Because of the 
usual division of responsibility and authority in or¬ 
ganizations occupying buildings, the relationship 
between these costs is not often considered. 

Combustion Products 

The seventh working group was convened in Char¬ 
leston, SC, USA, in 1989, to consider the state of 
knowledge of combustion products in indoor air, 
their distribution in the population, and to assess 
what is known about the adverse health effects 
which might be caused by the population exposures 
(WHO, 1990b). 

The Group considered the progress made in re¬ 
cent years in characterizing the distribution of the 
exposures to combustion products as these had been 
recorded in recent years. From a number of differ¬ 
ent systematic studies, the findings in this area were 
reviewed and integrated into a general assessment of 
exposure in the industrialized world. The presence 
of unvented combustion sources in the residential 
environment was found to dominate the indoor con¬ 
centrations and exposures to the combustion pro¬ 
ducts they contributed. In indoor environments in 
which tobacco is smoked, RSP is determined pri¬ 
marily by the level of smoking rather than by either 
other indoor sources, or the contribution from RSP 
from the outdoor environment. Similarly, when un¬ 
vented appliances are used for space heating, their 
contribution to indoor N0 2 concentrations domi¬ 
nates that of all other sources, including that from 
the infiltration of outdoor N0 2 . Unvented space 
heaters are also major sources of water vapour which 
can bring about multiplication of fungi, bacteria and 
insects. (These biological agents can produce a var- 
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iety of aerosols and odours with biological activity 
which in turn produces adverse health impacts in oc¬ 
cupants, a subject dealt with in the previous chapter.) 

The Group considered the state of knowledge 
concerning the adverse health effects of indoor air 
contaminants from vented and unvented combus¬ 
tion occurring indoors. These considerations were 
limited to the range and distribution of the concen¬ 
trations of different indoor air pollutants produced 
by indoor combustion. The major pollutants con¬ 
sidered were CO, N0 2 , S0 2 , C0 2 , water vapour and 
RSP A number of other combustion products pro¬ 
duced in lower concentrations were also considered, 
such as benzene, benzo[a]pyrene, formaldehyde and 
dimethylnitrosanrine. Water vapour occupies a 
special role as a combustion product in that the op¬ 
timum relative humidity in the indoor environment 
is between 30% and 60%. Relative humidities below 
20% will aggravate irritation of mucous membranes 
of the eyes, nose and throat, and relative humidities 
above 70% will promote microbiological growth 
which, in turn, is likely to produce biological air 

4 

contaminants in the indoor space. Vented combus¬ 
tion appliances will normally introduce only small 
amounts of combustion products into the indoor 
space. Under certain conditions, including high 
wind velocities and mechanical malfunctions, it is 
possible for even a vented heating appliance to dis¬ 
charge substantial amounts of combustion products 
into the indoor space it serves. The Group found 
that the level of protection from such events by cur¬ 
rent standards, codes and practices required review 
and, where necessary, improvement. 

Exposure to combustion products indoors in the 
absence of indoor sources is generally lower than 
outdoors. Whenever unvented combustion sources 
occur, there is a strong likelihood that the total hu¬ 
man exposure to combusuon products will be domi¬ 
nated by indoor exposures. The Group’s conclusions 

* 

and recommendarions are given in Appendix 3. 

Inorganic Fibres 

The eighth working group, organized in Kingston, 
ON, in conjunction with the 5th Internauonal Con¬ 
ference on Indoor Air Quality and Climate in Tor¬ 
onto, Canada, concentrated on particulate matter 
from asbestos, man-made mineral fibres (MMMF), 
rockwool and the like, which are of interest in com¬ 
mon, non-industrial environments (WHO, 1991). 
Mean respirable fibre concentrarions of MMMF in 
residences and public buildings have been reported 


at 40-200 F/m 3 of air. Outdoor air has been reported 
to contain MMMF at concentrations of 400-1700 
F/m 3 in urban environments, and 40 F/m 3 in rural 
. air. Asbestos fibres longer than 5 pm can be found in 
the indoor air in buildings at mean concentrauons in 
the range of 70-200 F/m 3 ; if all asbestos fibres of any 
length are counted, then mean concentradons of (0.5- 
1.0) x 10 6 F/m 3 can be obtained. 

The Group considered the state of knowledge 
concerning the associated adverse health effects. Po¬ 
tential effects are intersddal pulmonary fibrosis 
(IPF), lung cancer and mesothelioma. The Group 
reviewed the recent toxicological data obtained in ani¬ 
mal testing, and also the status of the major epidemio¬ 
logical studies involving cohorts of industrial workers. 
New toxicological studies using improved methodolo¬ 
gies are showing animal carcinogenesis for ceramic 
fibres and for other MMMF when the length is 
more than 5 pm and the fibre diameter is 1 pm or less. 

Epidemiological studies have been limited in 
number, and are based on cohorts of workers in dif¬ 
ferent mineral-fibre industries. The exposure/effect 
relationships are difficult to establish because the 
exposures are very poorly documented. With the 
best estimates of exposure it appears that different 
industrial processes produce different slopes for the ex¬ 
posure/effect relationship for a given mineral fibre. In 
the asbestos-cement industry, the risk for a given expo¬ 
sure is considerably lower than the same exposure in 
the asbestos-textile industry. The risk of mesothelioma 
seems to be much lower for chrysotile and anthophyl- 
lite than for crocidolite and amosite, and even for 
crocidolite the risk appears to depend on the per¬ 
centage of fibres with a diameter of 1.0 pm or less. 

For an asbestos fibre concentration indoors of 100 
F/m 3 , the lifetime excess risk of cancer is estimated 
to be in the order of 1 in 10 5 to 1 in 10 7 . The Group 
considered different methods of prevention of expo¬ 
sure in indoor environments, ranging from recom¬ 
mending against the use of carcinogenic mineral 
fibres in buildings to implementation of detailed ad¬ 
ministrative procedures to assure effective contain¬ 
ment. Such approaches should begin with a docu¬ 
mented inventory, inspection and maintenance 
schedules aimed at preventing releases of fibres, and 
education and training of responsible personnel in 
the safeguards required. It is sometimes advantag¬ 
eous to enclose the asbestos-containing material, or 
to encapsulate it with a bonding agent or a sealer 
The most extreme form of asbestos control is to re¬ 
move it completely from a building using suitably safe 
methods, and to dispose of it in an approved manner. 
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Future Activities 

Almost a routine, the opinion of the participants of 
most past working groups was polled as to the need 
for future meetings to resolve important still out¬ 
standing IAQ issues. While most proposed subjects 
have already been discussed, two more meetings are 
still in the planning stage. One is supposed to con¬ 
centrate on sources, control, mitigation and legisla¬ 
tion related to indoor air pollution, discussing both 
the elimination, if possible, of pollution sources and 
the means and measures for the reduction and con¬ 
trol of pollutants, the sources of which cannot be eli¬ 
minated. 

It is intended to update the material presented in 
past repons and conclude the work on IAQ by com¬ 
piling a monograph, which will put the discussions 
of the various working groups into proper order and 
perspective. In this connection, use will also be 
made of the results from some other past WHO/ 
EURO meetings on legionella and man-made mi¬ 
neral fibres. For this purpose, a second meeting may 
be convened to serve for the review and editorial 
finalization of the draft monograph. 

WHO Air Quality Guidelines 

In 1984, WHO/EURO embarked on a project to 
study and establish air quality guidelines for Europe 
for close to 30 organic and inorganic air pollutants. 
The basic principles that guided the project were: 
the guidelines would describe the latest state of 
scientific knowledge; the information provided 
would be condensed, describing only the essential 
factors leading to the final conclusions; the descrip¬ 
tion of scientific findings would be understandable 
to a broad and rather heterogeneous group of read¬ 
ers; the rationale for the guideline recommendations 
would also contain a description of uncertainties in 
the evaluation process due to missing, inadequate or 
equivocal data; a basic common structure for the de¬ 
scription of pollutants and the rationale for guide¬ 
lines would be enforced; and the draft guidelines 
would undergo several intensive reviews. 

The guidelines consider various toxic (carcino¬ 
genic and noncarcinogenic) substances, and for a 
few substances also their ecological effects. The 
guidelines do not differentiate between indoor and 
outdoor exposure (with the exception of exposure to 
mercury) because, although the sites influence the 
type and concentration of chemicals, they do not 
directly affect the basic exposure-effect relationship. 


The guidelines apply to the exposure of the general 
population, and do not relate to occupational expo¬ 
sures, even though the latter have been considered 
in the assessment process. For those compounds 
that were not reported to induce carcinogenic effects 
and on which data regarding such effects were lack¬ 
ing to insufficient, a threshold assumption was 
made and guideline values were proposed. For carci¬ 
nogenic substances, the guidelines provide an esti¬ 
mate of lifetime cancer risk arising from exposure to 
those substances. 

The project was completed with the publication 
of the guidelines at the end of 1987 (WHO, 1987). 
These guidelines will be reviewed and revised, as 
necessary, and new pollutants will be considered for 
addition. The enlarged and revised publication is 
expected for reissue in the mid 1990s. 


Acknowledgements 

This paper was prepared on the basis of the reports 
on the respective WHO IAQ working groups. As 
such, it draws on the texts drafted for WHO/EURO 
by Dr J.A.J. Stolwijk, USA, in his capacity as work¬ 
ing group rapporteur (with the help of participating 
colleagues, too many to be named here), and edited 
by WHO/EURO staff before publication. Thanks 
and appreciation are due to all of them for years of 
effort and faithful support. 


References 

World Health Organization (1979) Health Aspects related to budoor 
Air Quality, Copenhagen, WHO Regional Office for Europe 
(EURO Repons and Studies 21). 

World Health Organization (1983) Indoor Air Pollutants: Exposure 
and Health Effects, Copenhagen, WHO Regional Office for 
Europe (EURO Repons and Studies 78). 

World Health Organization (1985) Indoor Air Quality Research, 
Copenhagen, WHO Regional Office for Europe (EURO Re¬ 
ports and Studies 103). 

World Health Organization (1986) Indoor Air Quality: Radon and 
Formaldehyde, Copenhagen, WHO Regional Office for Europe 
(Environmental Health Series 13). 

World Health Organization (1987) Air Quality Guidelines for 
Europe, Copenhagen, WHO Regional Office for Europe (WHO 
Regional Publications, European Series 23). 

World Health Organization (1989) Indoor Air Quality: Organic Pol¬ 
lutants, Copenhagen, WHO Regional Office for Europe (EURO 
Reports and Studies 111). 

World Health Organization (1990a) Indoor Air Quality: Biological 
Contaminants, Copenhagen, WHO Regional Office for Europe 
(WHO Regional Publications, European Series 31). 

World Health Organization (1990b) Indoor Air Quality: Combus¬ 
tion Products, Copenhagen, WHO Regional Office for Europe 
(Summary Report EUR/ICP CEH 025 (S)). 

World Health Organization (1991) Indoor Air Quality: Inorganic 
Fibres and other Paniculate Matter, Copenhagen, WHO Regional 
Office for Europe (Summary Report EUR/ICP/CEH 096 (S)). 


2057S258G1 


rce: https://wwv, 


Q 


slfydocumenls.ucsf.edu/docs’hkb|0000 


Appendix 1 

International Participation 
in the WHO IAQ Working Groups 

Traditionally, WHO working groups include experts 
from several countries who usually represent a varie¬ 
ty of scientific disciplines, professional experience 
and institutional backgrounds (i.e., academia, gov¬ 
ernment, industry)- 


A list of the working groups, discussion subject, 
location, dates and report reference is given in Table 
1; a list of the 20 countries and 3 international gov¬ 
ernmental organizations that provided participants 
to one or more meetings is given in Table 2, and a 
detailed analysis of the body of participants is pres¬ 
ented in Table 3. 


Table 1 List of WHO iAQ working groups and respective reports (1979-90) 


WG No. Title of working group report 

Location of meeting 

Date of meeting 

Publication reference’ 

1 

Health aspects related to IAQ 

Bilthoven, Netherlands 

03-06 Apr 1979 

ERS 21 (1979) 

2 

Indoor air pollutants: 

Nordlingen, Federal Republic 

08-11 Jun 1982 

ERS 78 (1983) 


exposure and health effects 

of Germany 

w 



3 

IAQ research 

Stockholm, Sweden 

27-31 Aug 1984 

ERS 103 (1986) 

4 

IAQ: radon and formaldehyde 

Dubrovnik, Yugoslavia 

26-30 Aug 1985 

EHS 13 (1986) 

5 

IAQ: organic pollutants 

Berlin (West) 

23-27 Aug 1987 

ERS 111 (1989) 

6 

IAQ: biological contaminants 

Rautavaara, Finland 

29 Aug -02 Sep 1988 

ES 31 (1990) 

7 

IAQ: combusuon products 

Charleston, SC, USA 

31 Oct-04 Nov 1989 

Summary Report (1990) 

8 

IAQ: inorganic fibres 
and other paniculate matter 

Kingston, ON, Canada 

24-27 Jul 1990 

Summary- Report (1991) 


1 See also list of references. 


Table 2 Countries and organizations providing participants to WHO IAQ working groups (1979-90) 


Northern 

Europe 

Western 

Europe 

Eastern 

Europe 

North 

America 

International 

governmental 

organizations 

Denmark’ 

Belgium 

Bulgaria 

Canada 1 

Commission of the 

Finland 

France 

Czechoslovakia 

USA 1 

European Communities' 

Norway 

P 

F.R. of Germany 

■ 

German Democratic 

- 

International Agency for 

Sweden' 

and Berlin (West) 1 

Republic 


Research on Cancer 


Italy 

Hungary'’ 


WHO', 2 


Netherlands' 

Poland 




Switzerland 

USSR 




United Kingdom 1 

Yugoslavia 1 



4 

7 

7 

i 

2 

3 


1 Countries and organizations that have provided participants for four working groups or more. 

2 WHO/EURO has provided the secretariat for the working groups. 
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Table 3 Composition of expert participation in the WHO 1AQ working groups 


Total expert participation in all eight meetings 

152 

Total number of individual experts involved 


86 

Expert participation in’: 

All 8 meetings 

7 meetings 

4-5 meetings 

A] Stolwijk (USA) 2 

MJ Suess (WHO) 2 

MD Lebowitz (USA) 

B Seifert (Berlin (West)) 

JSM Boleij (Netherlands) 

I Farkas (Hungary) 

M Fugas (Yugoslavia) 

H Knoppel (CEC) 

T Lindvall (Sweden) 

DJ Moschandreas (USA) 


2*3 meetings 


Norway United Kingdom 

Sweden United States 


15 individual experts from: 

Belgium 

Canada 

Czechoslovakia 


Denmark 

Finland 

Netherlands 


1 The ten named experts served as the essential nucleus of the WHO IAQ working groups and the scientific continuity) which is import¬ 
ant when a series of activities on the same subject is being undertaken. Also, this has helped the easy and smooth absorption into the 
work of 65 additional experts 3 whose specialty was required for the discussion of a certain topic at one specific meeting. 

2 Respectively, permanent Rapporteur of the IAQ working groups, and convener and Scientific Secretary on behalf of WHO "EURO. 


Appendix 2 

Assessment of Levels of Knowledge 
concerning IAQ 

At the second working group in 1981, the experts at¬ 
tempted for the first time to consolidate levels of 
knowledge concerning IAQ in the form of three ta¬ 
bles (WHO, 1983). The tables were not supposed to 
be used without consulting the accompanying text 
in that report. However, four additional working 


groups have since reviewed and updated the tables, 
making them a distinct entity and annex of their re¬ 
spective report. 

During its meeting at Charleston, SC, USA, in 
November 1989, the seventh WHO working group 
on IAQ reviewed the assessments made by previous 
working groups. Their revised assessments of the le¬ 
vels of knowledge are presented in three tables: in¬ 
door population exposure factors in Table 1, expo¬ 
sure-response relationships in Table 2, and consen¬ 
sus of public health concern in Table 3. 


Table 1 Current levels of knowledge concerning indoor population exposure factors 


Pollutant 

People with 
low exposure 

People with 
high exposure 

Sources 

Distribution 

Instrumentation 

Indoor and personal' 
monitoring (including 
biological) 

ETS 

most 

some 

+ 

+ ) 

+ 

+ ) 

RSP 

most 

some 

+ ) 

+ ) 

+ ) 

+ ) 

no 2 

most 

few 

+ 

+ 

+ 

> 

CO 

most 

few 

+ 

+ 

+ 

+ 

Radon and daughters 

most 

few* 

+ 

+ 

+ 

< 

Formaldehyde 

most 

few 

+ 

+ 

+ 

+ 

so 2 

most 

few 

+ 

+ 

+ 

+ 

CO 2 

most 

few 

+ 

+ 

+ 

+ 

0 3 

most 

few 

+ 

+ 

+ 

+ 

Asbestos 

most 

few 

+ 

+ 

+ ) 

+ 

Mineral fibres 

most 

few 

+ ) 

+ ) 

+ 

+ ) 

VOC 

most 

some 

+ 

+ 

+ 

+ 

Other organics 

most 

few 

0 

0 

+ 

A) 

Aero-allergens 

some 

most 

+ 

+ ) 

0 

0 

Infectious agents 

most 

few 

+ 

+ ) 

+ ) 

0 


* = varies from area to area +) = less than adequate 

+ = adequate 0 = inadequate 


iS5 



cn? 
2 
QC 
JO 

CJ7 

Q© 




Source: httpSj/www.industrydocuments.ucsf.edu/docs^kbjOOOO 
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Table 2 Current levels of knowledge concerning exposure-response relationships 


Pollutant 

People at low 

People at high 

People 

Adverse effects at 

Exposure response 

Means of 


exposure 

exposure 

exposed 

levels of concern 

relationship 

control 

NO: 

most 

few 

+ 

airway effects 

+ 

technical 





systemic 

0 

regulatory 

educational 

CO 

most 

few 

+ 

systemic 

+ 

technical 

regulatory' 

educational 

SO, 

most 

few 

+ 

airway effects 

+ 

technical 

regulatory 

educational 

C0 2 

most 

few 

1 

1 

systemic 

+ 

technical 

o 3 

most 

few 

+ 

mucosal irrit. 

+ 

technical 





airway effects 

+ 

(indoors) 





odour 

+ 

regulatory' 

Radon and 

most 

few* 

+ 

cancer 

+ 

technical 

daughters 






regulatory 

educational 

ETS 

most 

some 

+ 

odour 

+ 

technical 





irritation 

+ 

regulatory 





airway effects 

+ 

educayonal 





carcinogenic 

+ 

social 





systemic 

+ 


RSP 

most 

some 

+ 

mucosal irrit. 

-L 

« 

technical 





airway effects 

+ 

regulatory 





systemic 

1 

educational 

Asbestos 

most 

few 

0 

carcinogenic 

+ 

technical 





respiratory' 

+ ) 

regulatory* 





disorders 


educational 

Mineral fibres 

most 

few 

0 

irritation 

+ 

technical 





airway effects 

+ 

regulatory- 





carcinogenic 

+ ) 

educational 

VOC 

most 

some 

t 

1 

odour 

+ ) 

technical 





sensory irrit. 

+ ) 

regulatory 





mucosal irrit. 

+ ) 

educational 





systemic 

+ )* 

social 





airway effects 
* 

+ ) 






cancer 

+ S 


Formaldehyde 

most 

few 

f 

odour 

+ 

technical 





mucosal irrit. 

-r 

regulatory 





airway effects 

t 

educational 





cancer 

+ a 






systemic 

+ 1 


Other organics 

most 

few 

0 

odours 

+ 

technical 





mucosal irrit. 

• 

regulatory’ 





airway effects 

+ 






cancer 

+ 1 






systemic 

+ • 


Aero-allergens 

some 

most 

+ ) 

airway effects 

+ ) 

technical 





mucosal effects 

+ ) 

educational 

medical b 

Infectious agents 

most 

few 

0 

respiratory 

+ ) 

technical 





other organs 

0 

medical 6 





systemic 

0 

educational 


regulatory 


* = varies with region 

1 = for some it is inadequate 

6 = medical measures are preventive 

+ = adequate 
+ ) = less than adequate 
0 = inadequate 




Source: https jVwww.industrydocuments 
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Table 3 Consensus of concern regarding selected indoor oir 

pollutants ot 1990 

levels of knowledge 



Selected 

pollutant* 

Typical range 
of concentration 
(10-90%)* 

mg/m 3 

Concentration 
of limited or 
no concern* 
mgfm* 

Concentration 
of concern* 

mg/m 3 

Remarks 
(average exp. 
period^ 
Concentration 
m^m ! 


RSP (incl. tobacco) 

0.01-0.15 

<0.1 

>0.15 

0.15 

(Japanese Standard) 

(24 h) 

NO: 2 

0.02-0.4 

<0.15 

>0.40 

AQG'0.4 

Oh) 

CO 

1-11 

< 2% COHb 
<10 >30 

> 3% COHb 

AQG 10 

CSh) 

Radon and daughters 

3-75 Bq/m 3 EER 

carcinogen 

carcinogen 

Swedish standard: 
new house 70 Bq/m 3 
AQG 100 Bq/m 3 

EER(lv) 

S0 2 

0.01-0.08 

<0.25 

>0.35 

AQG 0.35 

db) 

C0 2 

300-2000 

<2000 

>7000 

1800 

is widelv used 
** 

(lh) 

o 3 

0.01-0.1 

<0.1 

>0.12 

AQG 0.15-0.2 

(lh) 

Asbestos 

100-10000F*/m 3 

carcinogen 

carcinogen 


(24h) 

Mineral fibres 

100-l0000F*/m J 


_c 

Skin irritat. 

(24h) 

Organics 

Formaldehyde 

Benzene 

0.02-0.06 

0.002-0.02 

<0.06 

carcinogen 

>0.12 

carcinogen 

AQG <0.1 

(30mm) 

Dichloro-methane 

0.005-<0.01 

_C 

_c 

AQG 3.0 

(2410 

Trichloro-ethylene 

0.001-0.02 

c 


AQG 1.0 

(24h) 

Tetxachloro-eLhylene 

0.002-0.02 

♦ 

_c 

AQG 5.0 

(24h; 

p-Dichloro-benzene 

0.001-0.02 

- c 

_c 

TLV* 450 

(8h) 

Toluene 

0.03-0.15 



AQG 7.5 

(24h) 

m,p-Xylene 

0.01-0.04 

_c 


TLV 435 

(8h) 

n-Nonane 

n-Decane 

0.002-0.02 

0.003-0.05 



TLV 1050 

(Sh) 

Limonene 

0.002-0.07 



TLV 560 

• 

CSh) 


* Fibre count with optimal microscope. 

* All gases were considered on their own without other contaminants. 
b Short-term exposure averages. 

c No meaningful number can be given because of insufficient knowledge. 

d TLV (threshold limit values) established by the American Conference of Governmental Industrial Hygienists (19S7/19SS). These va¬ 
lues are for occupational exposures and might be considered the extreme upper limit for non-industrial populations for very short¬ 
term exposures. 

* AQG values are from Air Quality Guidelines for Europe. 


Appendix 3 


Conclusions and Recommendations 
of the WHO IAQ Working Groups 

Each of the working groups ended their delibera¬ 
tions with a set of specific conclusions and recom¬ 
mendations, directed to WHO, national authorities 
or the scientific community concerned. Some of the 
recommendations have been followed up and 
eventually implemented, while others are still await¬ 
ing action. 

This appendix presents the conclusions and rec¬ 
ommendations of three most recent working groups 
(sixth-eighth) for easy reference and review. 


Sixth WHO Working Group on IAQ: 

Biological Contaminants 

Conclusions 

1. A substantial portion of disease and absenteeism 
from work or school is associated with infections 
and allergic episodes caused by exposure to in¬ 
door air. Since this morbidity is often due to 
biological contaminants generated in buildings 
or to the crowding of occupants, it can be re¬ 
duced significandy. 

2. The increase in costs associated with improving 
the inadequate maintenance of ventilation sys¬ 
tems results in greater comparative benefits in 
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terms of better health for the occupants and re¬ 
duced absenteeism. 

3. Biological aerosols in buildings, including 
homes, are caused predominantly by persistent 
moisture and inadequate ventilation in spaces 
and building elements: proper design and con¬ 
struction are essential to prevent these condi¬ 
tions. 

4. The levels of biological contaminants in indoor 
air vary enormously in time and space, so data 
bases on the distribution of the levels of conta¬ 
minants in conjunction with occupants’ re¬ 
sponse must be large enough to provide useful 
information for risk management. 

5. Methods for collecting environmental samples 
of biological contaminants have generally not 
been standardized. Sampling methods for pol¬ 
len, specific bacteria and viruses are close to 
standardization, but sampling methods for 
fungi, mycotoxins and other biological materials 
are not. 

6. Laboratory procedures for the analysis of some 
fungi, mycotoxins, viruses, bacteria and other 
biologically derived materials of potential 
interest in indoor environments have not yet 
been standardized. 

7. The use of biocides in the cleaning and mainten¬ 
ance of heating, ventilating and cooling systems 
or surfaces in buildings presents risks, both dir¬ 
ectly and through the promotion of resistant mi¬ 
crobes. 

Recommendations 

1. Buildings and their heating, ventilating and 
cooling systems should not produce biological 
contaminants that are then introduced into the 
ventilation air. If the use of biocides is unavoid¬ 
able, they should be prevented from entering 
space that can be occupied. 

2. Standards and building codes should ensure 
the effective maintenance of ventilation sys¬ 
tems by specifying adequate access and regular 
inspection and maintenance schedules. 

3. In a building in which the occupants cannot ef¬ 
fectively control the quality of ventilation air 
themselves, an individual who is responsible 
for this task should be made known to them. 

4. To reduce allergic diseases in the community, 
total exposure to allergens should be mini¬ 
mized by controlling allergens and their sour¬ 
ces in buildings. 


5. For the risk assessment of allergic diseases, ex¬ 
posure-response curves should be established 
by measuring antigens in the air and specific 
IgE antibodies in the population. 

6. Statistically designed population studies should 
be carried out using commonly accepted me¬ 
thods to obtain the concentration distributions 
of biological contaminants in specific geo¬ 
graphic locations. 

7. Sampling and analysis methods for aero-aller¬ 
gens and biological irritants should be standar¬ 
dized, and the effects of time, temperature and 
moisture should be determined. 

8. The production of biological aerosols in build¬ 
ings should be prevented by introducing ap¬ 
propriate prescriptions for design and construc¬ 
tion practices into building codes. 

9. The maintenance personnel of public and of¬ 
fice buildings should be given adequate train¬ 
ing in the routine inspection and maintenance 
of the buildings’ systems. 

10. Biological irritants and infectious agents cause 
nonspecific aggravation of respiratory and skin 
diseases, and they should be minimized by con¬ 
trolling their levels and sources in buildings. 

Seventh WHO Working Group on IAQ: 
Combustion Products 

Conclusions 

1. Indoor sources 

Indoors, unvented kerosene space heaters are the 
major source of S0 2 , and an important source of 
N0 2j CO, RSP, and acids in the vapour and particu¬ 
late phase. Unvented gas space heaters are the major 
source of sustained (>1 hour) high levels of N0 2 , 
and an important source of CO. Gas cooking ranges 
and unvented domestic hot w'ater heaters produce 
high peak concentrations of N0 2 . Wood burning 
stoves and fireplaces contribute RSP and a wide 
range of organic compounds. ETS is the major 
source of RSP and an important source of a wide 
range of both vapour and particulate phase air con¬ 
taminants, including VOC. 

2. Health effects 

Combustion products from indoor sources contri¬ 
bute significantly to the total human exposure to 
N0 2 , CO and C0 2 , and to increased acute and chro¬ 
nic disease. CO concentrations can reach values as 
high as in busy streets, and venting failures may 
lead to lethal concentrations. NO? concentrations 


Source: https://vvwv/jndustrydocuments.ucsf.edu/docs/hkbjOOOO 
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may exceed health-based air quality guidelines for 
short periods of time. ETS ingredients have irritant 
and genotoxic properties and, with extensive expo¬ 
sure, there is evidence of an increased lung cancer 
risk in non-smokers. ETS and N0 2 are associated 
with a significant attributable risk for bronchial re¬ 
sponsiveness and acute respiratory disease. 

3. Engineering controls 

In cold and temperate climates, where the fact of 
making the envelope of buildings more airtight has 
resulted in increased concentrations of air pollu¬ 
tants, the principal indoor combustion appliances 
are those related to space heaters. Generally they 
have flues that discharge all combustion products 
outdoors, but faulty design or installation, blockage 
or adverse weather conditions can lead to leakage in¬ 
doors. Current building codes and standards gov¬ 
erning design and installation of vented appliances 
are not adequate for controlling their leakage. 

4. Vehicles 

Occupants of vehicles can be exposed to elevated 
concentrations of combustion products if the vehicle 
has a faulty exhaust system or because of the exhaust 
gases from other vehicles entering through the cabin 
air intake. 


Recommendations 

1. Emission rates and concentrations of certain 
combustion products, such as particle-bound 
organic compounds and acids, should be deter¬ 
mined, also through the development of ap¬ 
propriate instrumentation, to assist in the eva¬ 
luation of distributions of population exposure. 

2. Means for water vapour control indoors should 
be publicized and applied. 

3. Existing and future new air quality guidelines 
should be used to guide decisions on source 
control in indoor vented and unvented com¬ 
bustion. 

4. The general public should be informed about 
the dangers of fireplace spillage and down- 
drafting, especially at the end of the bum, and 
be provided with instructions on ways and 
means to avoid this hazard. 

5. Buildings should be designed and operated so 
as to reduce the intake of vehicular combustion 
products form garages and streets, and from 
neighbouring buildings’ exhaust vents. 

6. The use of modes of transportation and traffic 


strategies which minimize emissions should be 
promoted to reduce exposures in vehicles. 

7. Studies should be conducted to determine the 
carcinogenic potential of particle-bound for¬ 
maldehyde. 

8. Whenever the envelope of a building is made 
more airtight, careful consideration should be 
given to the active and controlled ventilation 
required. 

9. Educational strategies should be used to com¬ 
municate the risks associated with exposure to 
combustion products, as well as the options 
each person has to avoid such exposures. 

10. The frequency and severity of leakage of com¬ 
bustion products from vented appliances 
should be documented with the objective of 
minimizing such occurrences through better 
equipment design, installation, maintenance 
and operation. 

11. The use of unvented space heating and water 
heating appliances should be phased out as ra¬ 
pidly as possible. 

12. Properly designed local exhaust with adequate 
provision of make-up air should be used to re¬ 
duce peak exposures to NO x associated with gas 
cooking. 

13. Tobacco smoking should not be allowed in 
public buildings, public transportation and 
related buildings and areas, or office buildings, 
and it should be minimized in the residential 
environment through education campaigns and 
other appropriate means. 

Eighth Working Group on IAQ: Inorganic 

Fibres and Other Particulate Matter 

Conclusions 

1. Airborne contamination with asbestos is wide¬ 
spread and as a consequence asbestos fibres can 
be found in most human lungs. 

2. The carcinogenic potential of mineral fibres in¬ 
creases with fibre length, and with their in¬ 
creasing durability. 

3. All commonly used forms of asbestos have pro¬ 
duced excess incidence of asbestosis, lung can¬ 
cer and mesothelioma. 

4. Elevated rates of lung cancer have been repor¬ 
ted in rock- or slag-wool production workers. 
Current airborne MMMF concentrations in in¬ 
door environments are considered to represent 
an insignificant risk. 

5. There have been special situations where envir- 
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onmental exposure to erionite and crocidoiite 
have caused increased rates of mesothelioma. 

6. The possibility of lung fibrosis is of concern 
only to people who repeatedly disturb fibrous 
materials, thus creating high local concentra¬ 
tions of airborne fibres. These people may also 
be at increased risk for lung cancer and meso¬ 
thelioma. 

7. Exposed, loose or friable thermal and acoustic 
insulation materials are the major sources of in¬ 
door exposure to mineral fibres. 

8. The main causes of mineral-fibre release are in¬ 
stallation, removal and damage of mineral 
fibre-containing materials, and demolition of 
buildings. 

9. The great majority of buildings have airborne 
asbestos concentrations which do not represent 
a significant excess risk. 

10. Exposure to MMMF can cause skin and eye ir¬ 
ritation. 

11. Average indoor levels of MMMF range up to 
300 F/m 3 in buildings containing these mater¬ 
ials. Average indoor levels of respirable asbestos 
range from 100 to 1000 F/m 3 (fibre length > 5 
um) in buildings containing asbestos products. 
When loose, friable asbestos and MMMF ma¬ 
terials are abraded, much higher levels are gen¬ 
erated. 


Recommendations 

1. Standard methods for measuring indoor inor¬ 
ganic fibres should be established so that they 


can be determined and reported in terms of 
fibre length and diameter, with speciation of 
fibre type. Indoor samples should be collected 
over a one-week period. 

2. Prior to their use in building products, mineral 
fibres should be systematically investigated 
with respect to the exposure and health effects 
likely to result. 

3. All construction and operating documents, in¬ 
cluding those listing an inventory of inorganic 
fibre-containing materials in the building 
should be kept by the building manager, and 
referred to in the event of maintenance and re¬ 
pair. 

4. The use of carcinogenic mineral fibres (such as 
asbestos and erionite) in construction should 
be avoided wherever reasonably possible. 

5. Exposure to airborne mineral fibres should be 
kept as low as possible. Particular attention 
should be given to the management of loose, 
soft, friable and accessible mineral fibre-con¬ 
taining products. 

6. Mineral fibres should be coated or covered 
with other materials to prevent fibre release 
and to minimize exposure of the public by in¬ 
halation and skin contact. In the event of con¬ 
tamination, mineral-fibre dust should be re¬ 
moved from the affected area before normal ac¬ 
tivity is resumed. 

7. Precautions should be taken to reduce air¬ 
borne-fibre exposure of people who disturb mi¬ 
neral fibre-containing materials during main¬ 
tenance and repair. 


Source: https://www.industrydocuments.ucsf.edu/docs,'hkb)0000 
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1 DESCRIPTION OF THE PROBLEM 

The quality of the air we breathe is influenced by a variety of factors. These 
include hazardous material discharges indoors and outdoors, meteorological 
and ventilation conditions, and pollutant decay and removal processes. Over 
80 percent of our time is spent in indoor environments (NAS, 1981b) so that 
the influence of building structures, surfaces, and ventilation are important 
considerations when evaluating air pollution exposures. 

It has become apparent that the indoor air environment is not an exact 
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reflection of outdoor conditions. The impacts of cigarette smoking, stove 
and oven operation, and emanations from building materials and consumer 
products are often the most significant factors in determining indoor air 
quality. In addition, the impact of energy conservation on inside environ¬ 
ments may be substantial, particularly with respect to decreases in venti¬ 
lation rates and “tight” buildings constructed to minimize infiltration of 
outdoor air (Holloweil et al., 1979; Woods, 1980). There is, therefore, a need 
for proper building design, construction, and ventilation guidelines to avoid 
unhealthy indoor air environments. For engineering control information, see 
Chapter 4. 


1.1 Materials of Concern 

A variety of indoor air measurement studies have done much to characterize 
the types and levels of indoor pollutants that occur in the urban settings of 
industrialized countries. Materials that have been recognized, and to a cer¬ 
tain extent characterized, as potential indoor sources of air pollution include 
carbon monoxide (CO), nitrogen oxides (NO x ), tobacco smoke components 
(such as nicotine), suspended particulate matter [total suspended particulate 
matter (TSP), inhalable particulate matter (PMj 0 ) and respirable particulate 
matter (RP)], asbestos, formaldehyde (HCHO), ozone (0 3 ), radon (^Ra), 
organics, viable particulate matter, allergens, odor-causing chemicals, and 
carbon dioxide (C0 2 ). Table 6.1 summarizes typical nonindustrial indoor 
concentrations for a variety of materials of concern. 


1 .2 Relationship of Sources to Indoor Exposures 

While the data in Table 6.1 represents a useful point of reference, it is often 
difficult to extrapolate such measurements to other conditions of ventilation, 
outdoor air pollution, meteorology, and indoor sources. A pollutant mass 
balance model for an interior space is a way to overcome these limitations. 
The general form of such a balance i$ 


Pollutant 

flow in 


Pollutant 
flow out 


+ 


Source 

emissions 


Sink 

removals 


Indoor pollutant 
accumulation 


where each of the terms has the dimensions of mass/time. The pollutant flow 
terms may be due to outdoor air infiltration or forced convection, recircu¬ 
lation, or a combination of these. If appropriate values are available for each 
of the factors in the equation the indoor concentration can be estimated for 
a broad spectrum of conditions (Wadden and SchefF, 1983). The use of this 
tool then makes possible the comparison of a variety of alternatives for 



GO 

JO 

or 

GO 
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Table 6.1 Reported Indoor Pollutant Concentrations 


co 

w 


Pollutants of Concern 

Concentration 
(sampling time) 

Location 

Reference 

Respirable particles 

Particles 

Restaurants, arenas 

Wadden and Scheff (1983) 

(RP) 

100-700 pg/m 3 (8-50 min) 

With smoking 


Total suspended 

20-60 pg/m 3 (1 -42 min) 

28 pg/m 3 (a- = 15) (24 hr) 

74 pg/m 3 (a = 59) (24 hr) 

44 pg/m 3 GM* (2.7 GSD*) 

15 pg/m 3 GM (2.7 GSD) 

39-66 pg/m 3 (avc. of 12-hr samples; 

Without smoking 

Residences 

Nonsmoke exposed 

Smoke exposed 

Commercial buildings 

32 smoking areas 

32 nonsmoking areas 

Homes and public buildings 

Spengler et al. (1985) 

Turk et al. (1986) 

Yocum et al. (1977) 

particles (TSP) 

26-72% of outdoor cone.) 

2.7-79.4 pg/m 3 (48 hr) 

Urban hospital 

Neal et al. (1978) 


0.02-0.13 mg/m 3 (ave. = 0.04) 

Office building 1 (nonsmoking) 

Bayer and Black (1989) 

Inhalable particles 

0.07-4.2 mg/m 3 (ave. = 0.57) 

<10 pg/m 3 (smoking not observed) 

Office building 2 (smoking) 
Office, school, and elderly 

Sheldon et al. (1988) 

(PMio) 

4-100 p/m 3 (smoking observed) 

home 


Particle number 

48 x 10 6 particle s/ft 3 

House (one cigar) 

Lefcoe and inculet (1975) 

Asbestos 

0-100 ng/m 3 (0-20,000 fibers/m 3 ) (5 min 

Normal activities 

Sawyer and Spooner (1978) 


to 10 hr) 

5 x 10 6 fibers/m 3 

During custodial work 

Sawyer (1977) 


20 x I0 6 fibers/m 3 

During maintenance 

Sawyer (1977) 

Viable particles 

20-700 CFFVm 3 (10 min samples) 

Schools, hospitals, homes 

Berk et al. (1980) 


564, 1580 and 5360CFU*/m 3 

Averages from three buildings 

Fecley ett al. (1989) 


37,500-114,300 CFU/m 3 

Domestic waste sites 

Crook and Lacey (1988) 


1,400-7,100 CFU/m 3 

Bakery and coffee bean 



warehouses 
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Table 6.1 ( Continued) 




Pollutants of Concern 

Concentration 
(sampling time) 

Location 

Reference 

Carbon Monoxide 

Gases 

2.5-28 ppm Offices, restaurants, bars 

Waddcn and Scheff (1983) 

(CO) 

3.1-7.8 ppm (seasonal averages of 12- 

Kitchens with gas stove 

Wade ct al. (1975) 


hr samples) 

3-33 ppm 

Autos, bus, airplane, and 

Wadden and Scheff (1983) 


8.6 ppm (a = 4.9 ppm, max = 46.5 

submarine (4-150 cigarettes) 
Inside commuting vehicles 

SCAQMD (1989) 

Nitrogen Dioxide 

ppm) 

20.25 ppb GM (1.72 GSD) (1 wk) 

Kitchens with gas stoves 

Petreas ct al. (1988) 

(N0 2 ) 

6.18 ppb GM (2.46 GSD) (1 wk) 

Kitchens with electric stoves 



15.7 and 27.0 ppb (summer and winter) 

In-home ave. with gas stove 

Quackenboss et al. (1986) 

Formaldehyde 

6.5 and 5.1 ppb (summer and winter) 

60-1670 ppb (1 hr; 564 ppb average for 

In-home ave. with electric 
stove 

Homes with chipboard walls 

Anderson et al. (1975) 

(HCHO) 

all measurements) 

35 ppb GM (1.59 GSD) (1 wk) 

Nonmanufactured homes 

Sexton et al. (1986) 


72 ppb GM (2.01 GSD) (1 wk) 

390 ppb GM (l hr) (range from <100 to 

Mobile homes, summer 

137 mobile homes, Wisconsin 

Hanrahan et al. (1985) 


2840 ppb) 

76 ppb GM (1.44 GSD) 

U.S. conventional housing 

Stock (1987) 

Aliphatic aldehydes 

90 ± 11 ppb (20 min) (41 ppb HCHO) 

San Francisco office building 

Turiel et al. (1983) 

j 
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Ozone (Oj) 

Radon ( 222 Ra) 

Radon daughters 

Benzo(a)pyrene 

Nicotine 

Total volatile organic 
compounds 
(TVOC) 


Chloroform 


<0.002-0.068 ppm (40 min to 2 hr) 
<0.002-0.018 ppm (30 min) 

1.89 pCi/L GM (4.30 GSD); 29.3% > 4 
pCi/L; basement/nonbasement ratio 
- 2.90 

0.96 pCi/L GM (2.84 GSD) 

<25-34 pCi/L (3-6 min samples) 

0.4-4.8 pCi/L 

0.003-0.013 WL C (ave. = 0.004 WL) 
0.005-0.05 WL (ave. = 0.01 WL) 

7.1-21.0 ng/m 3 (2-4 hr) 

<0.02-0.20 ppb (ave. = 0.07 ppb) 
<0.02-3.32 ppb (ave. = 0.34 ppb) 
<0.02-5.3 ppb (ave. = 3.2 ppb) 

9.2 pg/m 3 GM (5.5 pg/m 3 GM) 


Photocopying machine room 
Homes with electrostatic air 
cleaners 

U.S. geometric mean (61,014 
homes nationwide) 

U.S. geometric mean 
Houses on reclaimed 
phosphate land in Florida 
Three office buildings 
Houses in NY and NJ 
Houses on reclaimed 
phosphate land in Florida 
Sports arena 

Office building I (nonsmoking) 
Office building 2 (smoking) 
Office building 3 (smoking) 
Smoking (nonsmoking) aircraft 


71.9-598 pg/m 3 (ave. = 237) 
55.3-2050 pg/m 3 (ave. = 401-1090) 

0.15-65 mg/m 3 (30 min) 

0.03-1.7 pg/m 3 (110 pg/m 3 max.) 


Office building I (nonsmoking) 
Office building 2 and 3 
(smoking) 

Offices, schools, hospitals, 
laboratory, and residence 
Office building, school, and 
elderly home (range of 
median concentrations) 
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Selway et al. (1980) 
Allen et al. (1978) 

Alter and Oswald (1987) 


Nero et al. (1986) 
Windham et al. (1978) 

Bayer and Black (1989) 
NAS (1981b) 

Guimond et al. (1979) 

Elliott and Rowe (1975) 
Bayer and Black (1989) 

Holcomb (1988) 


Bayer and Black (1989) 


Waikinshaw et al. (1988) 
Sheldon et al. (1988) 
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a! Table 6.1 (Continued) 


Pollutants of Concern 

Concentration 
(sampling time) 

Location 

Reference 

Benzene 

1, i, 1 -T richloroethane 

Carbon tetrachloride 

Trichloroethylene 

Tctrachlorocthylene 

Chlorobenzene 

Ethylbenzene 

o-Xylene 

mj>-X ylcne 

Tetrachloroethylene 

4.4-9.5 pg/m 3 (48 pg/m 3 max.) 

11—93 pg/m 3 (870 pg/m 3 max.) 

0.68-0.72 pg/m 3 (3.1 pg/m 3 max.) 
0.53-19 pg/m 3 (80 pg/m 3 max.) 

2.2-4.8 pg/m 3 (110 pg/m 3 max.) 

0.11 pg/m 3 (1.8 pg/m 3 max.) 

2.7- 6.8 pg/m 3 (200 pg/m 3 max.) 

4.8- 8.3 pg/m 3 (340 pg/m 3 max.) 

7.9- 19 pg/m 3 (340 pg/m 3 max.) 
130-8,600 ppb (range of 7-day ave.) 

* 

Self-serve laundries 

Howie and Elfers (1982) 

y-Chlordane 

Median: 4.2 ng/m 3 (0.5-29 ng/m 3 ) 

12 homes in Bloomington, IN 

Anderson and Hites (1988) 

a-Chlordane 

f-Nonachlor 

Heptachlor 

Chlorpyrifos 

Dimethylnitrosamine 

Median: 1.2 ng/m 3 (0.3-20 ng/m 3 ) 
Median: 1.1 ng/m 3 (0.2-15 ng/m 3 ) 
Median: 20 ng/m 3 (2.2-190 ng/m 3 ) 
Median: 6.4 ng/m 3 (0.3-150 ng/m 3 ) 
0.11-0.24 mg/m 3 (90 min) 

Bar 

Brunneman and Hoffmann 

Carbon dioxide (C0 2 ) 

0.086% (5 min) 

Lecture hall 

(1978) 

Wang (1975) 


0.06-0.25% 

0.9% (continuous for 8 wk) 

489 ppm GM (1.2 GSD) (range = 337- 
840 ppm) 

School room 

Nuclear submarines 

39 commercial buildings 

Kusuda (1976) 

Wilson and Schaeffer (1979) 
Turk ct al. (1986) 


m a * standard deviation. 

* GM * geometric mean; GSD = geometric standard deviation. 
c WL * working level. 

4 CFP * colony forming particle; CFU =* colony forming unit. 
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Table 6.2 Air Quality Standards Promulgated by the United States 
Environmental Protection Agency 

Standard Concentration 


Pollutant 

|Ag/m 3 

ppm 

Averaging Time 

Suspended particulate 

75(60) e 

— 

Annual geometric 

matter (TSP) 

260(150) 


mean 

24-hr average 

Inhalable particulate 

50 

— 

Annual geometric 

matter (PMio) 

150 


mean 

24-hr average 

Sulfur dioxide (S0 2 ) 

80 

0.03 

Annual mean 


365 

0.14) 

24-hr average 


(1300) 

(0.50) 

3-hr average 

Carbon monoxide (CO) 

10,000 

9 

8-hr average no more 


40,000 

35 

than once per year 
1-hr average no more 

Nitrogen dioxide (N0 2 ) 

100 

0.05 

than once per year 
Annual mean 

Ozone (0 3 ) 

235 

0.12 

1-hr daily maximum no 

Lead (Pb) 

1.5 


more than 3 times 
per 3 years 

3-month average 

* Secondary standards in parentheses. 




control of an indoor pollution problem. This approach has been applied in 
analyzing indoor ozone decay, odor control, particulate matter, carbon mon¬ 
oxide, cigarette smoke, C0 2 , a variety of pollutants in residential settings, 
and energy-efficient control strategies (Wadden and Scheff, 1983). 


1.3 Health Criteria 

In order to protect the public health, air quality standards for outdoor air 
have been promulgated in the United States for inhalable particulate matter, 
carbon monoxide, nitrogen dioxide, sulfur dioxide, ozone, and lead. These 
are shown in Table 6.2. These standards were developed to protect the 
general population (including susceptible groups such as children or persons 
with chronic lung disease) from the adverse health effects resulting from 
exposure to environmental pollutants and are, therefore, useful as general 
guidelines for acceptable indoor air quality. Indoor air quality guidelines 
have also been specified for industrial environments for a variety of haz¬ 
ardous substances on a 8- to 10-hr day and a 40-hr week (ACGIH, 1988). A 
partial list of occupational standards is given in Table 6.3. Note that these 
standards are developed to protect the healthy working-age population and 
should not be directly applied as general-use guidelines. There are currently 
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Table 6.3 Workday Threshold Limit Values for Selected Materials* 


Substance 

Time-Weighted Average* 

Short-term 
Exposure Limit c 

ppm 

mg/m 3 

ppm 

mg/m 3 

Acetaldehyde 

100 

180 

150 

270 

Acrolein 

0.1 

0.25 

0.3 

0.8 

Asbestos (carcinogen) 





Amosite 


0.5 fibers/cm 3 > 5 \im 


Chrysotile 


2 fibers/cm 3 > 5 

fim 


Crocidolite 


0.2 fibers/cm 3 > 5 |im 


Other forms 


2 fibers/cm 3 > 5 

p.m 


Benzene 

10 

30 



Benzo(tf)pyrene 





(carcinogen; no 





standard) 





Carbon dioxide 

5000 

9000 

30,000 

54,000 

Carbon monoxide 

50 

55 

400 

440 

Ethylene glycol methyl 

5 

24 



ether acetate (methyl 





Celiosolve* acetate) 





Ethylene oxide 

1 

2 



(carcinogen) 





Formaldehyde 

T 

1.5 

2 

3 

(carcinogen) 





Lead 

— 

0.15 



Methyl chloride 

50 

105 

100 

205 

Nitric oxide 

25 

30 



Nitrogen dioxide 

3 

6 



Nuisance particles 

— 

5 (respirable) 



Ozone 

0.1 

0.2 

0.3 

0.6 

Stoddard solvent 

100 

525 



Sulfur dioxide 

2 

5 

5 

10 

Toluene 

100 

375 

150 

560 

VM&P Naphtha 

300 

1350 



Xylene (o, m, p isomers) 

100 

435 

150 

655 


• OSHA (1989a,b); ACGIH (1988). 

* Time-weighted average concentration for a normal 8-hr workday and a 40-hr workweek. 

c 15-minute time-weighted average exposure that should not be exceeded at any time during a 
workday even if the 8-hr TWA is within the TLV. 


no legally enforceable health-related national standards for living and rec¬ 
reational spaces or transportation modes in the United States. 

To partially fill this need, the American Society of Heating, Refrigerating 
and Air-Conditioning Engineers (ASHRAE) has developed recommended 
air quality standards for substances not listed in Table 6.2. These recom- 
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Table 6.4 Additional Ambient Air Quality Standards' 1 



Long Term 

Long Term 

Contaminant* 7 

Level 

Time 

Level 

Time 

Acetone-0 

7 mg/m 3 

24 hr 

24 mg/m 3 

30 min 

Acrolein-O 



25 pg/m 3 

C e 

Ammonia-0 

0.5 mg/m 3 

yr 

7 mg/m 3 

C 

Beryllium 

0.01 |xg/m 3 

30 days 



Cadmium 

2 

24 hr 



Calcium oxide (lime) 



20-30 Mg/m 3 

c 

Carbon disulflde-0 

0.15 mg/m 3 

24 hr 

0.45 mg/m 3 

30 min 

Chlorine-O 

0.1 mg/m 3 

24 hr 

0.3 mg/m 3 

30 min 

Chromium 

1.5 uLg/m 3 

24 hr 



Cresol-O 

0.1 mg/m 3 

24 hr 



Dichloroethane-0 

2.0 mg/m 3 

24 hr 

6.0 mg/m 3 

30 min 

Ethyl acetate-O 

14 mg/m 3 

24 hr 

42 mg/m 3 

30 min 

Formaldehyde-O 



150 Mg/m 3 

C 

Hydrochloric acid-O 

0.4 mg/m 3 

24 hr 

3 mg/m 3 

30 min 

Hydrogen sulfide-O 

40-50 Mg/m 3 

24 hr 

42 Mg/m 3 

1 hr 

Mercaptans-0 



20 Mg/m 3 

1 hr 

Mercury 

2 fxg/m 3 

24 hr 



Methyl alcohol 

1.5 mg/m 3 

24 hr 

4.5 mg/m 3 

30 min 

(methanol)-0 




Methylene chloride-0 

20 mg/m 3 

yr 

150 mg/m 3 

30 min 


50 mg/m 3 

24 hr 



Nickel 

2 wj/m 3 

24 hr 



Nitric oxide 

0.5 mg/m 3 

24 hr 

1 mg/m 3 

30 min 

Phenol-O 

0.1 mg/m 3 

24 hr 



Sulfates 

4 Mg/m 3 

yr 




12 Mg/m 3 

24 hr 



Sulfuric acid-O 

50 Mg/m 3 

yr 

200 Mg/m 3 

30 min 


100 Mg/m 3 

24 hr 



Trichloroethylenc-0 

2 mg/m 3 

yr 

16 mg/m 3 

30 min 


5 mg/m 3 

24 hr 



Vanadium 

2 pg/m 3 

24 hr 



Zinc 

50 pg/m 3 

yr 




100 Mg/m 3 

24 hr 




* ASHRAE (1980). 

* The materials marked 4i O” have odors at concentrations sometimes found in outside air. 
c Ceiling or maximum allowable concentration. 


mended air quality standards are listed in Table 6.4 and are intended to 
supplement the U.S. Environmental Protection Agency (EPA) list of criteria 
pollutants (ASHRAE, 1980). Although the rationales for many of these rec¬ 
ommended standards are less well defined than those for EPA criteria ma¬ 
terials, they are intended to protect susceptible populations from adverse 
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health effects and are, therefore, appropriate as indoor standards. 

1.4 Sick Building Syndrome 

The term “sick building syndrome” (SBS) represents a variety of physical 
and environmental problems associated with nonindustrial indoor environ¬ 
ments. Common factors in reports of SBS include nonspecific symptoms 
similar to the common cold, or respiratory illnesses; the buildings are energy 
efficient, new in design and construction or recently refurbished; and oc¬ 
cupants have no control or ability to regulate temperature, humidity, or 
lighting at their work station (Stolwijk, 1987). Sources of SBS have been 
reported to include organic solvents and formaldehyde from building ma¬ 
terials and furnishings (3-4 percent of cases reported); microbiological con¬ 
tamination from standing water in ventilation system air ducts, humidifiers, 
and cooling towers (5 percent of cases); contamination from outside the 
building through the improper location of exhaust and intake air vents (11 
percent of cases); contamination from inside the building (including office 
equipment, smoking, and cleaning materials) (17-19 percent of cases); and 
inadequate ventilation from poor maintenance, distribution, and lack of fresh 
air intake (50-52 percent of cases) (Wallingford and Carpenter, 1986; Stol¬ 
wijk, 1987). Ventilation is frequently cited as a contributing factor. For ex¬ 
ample, SBS occurs more frequently when ventilation is below 5 cfm of out¬ 
door air per person (the minimum recommended by ASHRAE for acceptable 
indoor air quality) (Berglund et al., 1984; Hicks, 1984; Turiel et al., 1983), 
or the building is operated with 100 percent recirculation air (Salisbury, 
1986). The causes for these problems can frequently be traced to lack of 
system maintenance, changes to thermal and contaminant loads imposed 
during the lifetime of the building, changes in control strategies to meet new 
objectives (cost containment/energy efficiency), and inadequate design of 
the original system (Woods et al., 1987). 


2 HEALTH STUDIES 

Although it is not meant to be a definitive list, the pollutants we will discuss 
in detail have been recognized as potential indoor air pollution problems. 
These include carbon monoxide (CO), nitrogen dioxide (N0 2 ), tobacco 
smoke components, asbestos, formaldehyde (HCHO), and radon ( 222 Ra). 
Other materials such as carbon dioxide (C0 2 ), organics, and viable parti¬ 
culate matter are also of concern. 

2.1 Carbon Monoxide 

Carbon monoxide, which is ordinarily produced by incomplete combustion 
of fossil fuels, is a chemical asphyxiant gas. Its affinity for hemoglobin in 
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Exposure duration, min hours 

Figure 6.1 Relationship between exposure duration, ambient carbon monoxide con¬ 
centration, and carboxyhemoglobin in blood (resting, nonsmoking individuals) (Pe¬ 
terson, 1977). 


red blood cells is 200-250 times that of oxygen, which can result in significant 
reduction in oxygen-carrying capacity. Carboxyhemoglobin concentration 
(COHb), expressed as percent of saturation, is the usual biochemical mea¬ 
sure of CO uptake. The relationship between CO exposure and COHb is 
nonlinear (Cobum et al., 1965) and is shown in Figure 6.1. The data points 
represent healthy young resting adults exposed to CO. Increased exercise 
will cause an individual’s COHb percent to reach the equilibrium value (the 
horizontal segments on the right-hand side of the plot) more quickly than 
the indicated exposure duration. Table 6.5 shows the approximate relation¬ 
ship between COHb levels and adverse health effects. The concentration 
ranges are approximate, and individual response may vary somewhat from 
these values. Children may be susceptible to specific toxic effects of CO at 
lower COHb levels than adults (Matos et al., 1988; Gemelli and Cattani, 
1985). Because of the normal breakdown of hemoglobin constituents, our 
bodies always contain a low level of COHb. The EPA’s air quality standard 
for CO is related to the onset of angina in persons with ischemic heart disease 
(EPA, 1985), although other effects from exposure have also been observed 
in healthy individuals (EPA, 1985; Amman et al., 1986). Even though the 
exposure-health effect relationship is reasonably well defined for CO, there 
is still some question about the threshold COHb levels that will cause effects 
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Table 6.5 Levels of Carboxyhemoglobin and Reported Effects* 

COHb (%) Effects 

0.3-0.7 Physiologic norm for endogenous CO production from normal 

breakdown of hemoglobin constituents in the body. 

2.3-4.5 3-7% decreased work time to exhaustion in healthy young men. 

Shortened duration of exercise before onset of pain in 10 persons 
(5 smokers) with angina pectoris (Anderson et al., 1973). 

2.9 6% average reduction in work time to onset of anginal pain in 24 

nonsmoking males with stable angina pectoris.* 

3.6-4.1 No statistically significant shortened period of exercise before 

onset of pain in 30 nonsmoking individuals with ischemic heart 
disease (Sheps et al., 1987). 

3-8 Norm for smokers. 

6 Impaired exercise performance in patients with ischemic heart dis¬ 

ease (Adams et al., 1988). 

5-7.6 Impairment of vigilance tasks in healthy subjects. Decreased max¬ 

imal oxygen consumption and exercise time during strenuous 
exercise in healthy young men. 

7-10 Cardiovascular effects in healthy adults. 

5-17 Diminution of visual perception, manual dexterity, ability to learn, 

or reduction in performance in complex sensorimotor tasks 
(such as driving). 

10-20 Slight headaches, lassitude, breathlessness from exertion; poten¬ 

tial damage to fetuses. 

20-30 Severe headaches, nausea, abnormal manual dexterity. 

40-50 Irritability, impaired judgment, dimmed vision, nausea and vom¬ 

iting, weak muscles. 

50-60 Fainting, convulsions, coma. 

60-70 Depressed cardiac activity and depressed respiration; usually fatal. 

* EPA (1985) and Amman et al. (1986). 

* Sheps et al. (1987) and Kleinman et al. (1989). Studies differ in selection criteria for stopping 
the exercise test. 


in patients with ischemic heart disease (Sheps et al., 1987; Kleinman et al., 
1989). 

2.2 Nitrogen Dioxide 

Most health effects associated with nitrogen oxides (NO x ) have been attrib¬ 
uted to nitrogen dioxide (NO 2 ). However, the major anthropogenic sources 
of NO x are combustion processes, which primarily produce nitric oxide 
(NO). This gas is subsequently oxidized to NO 2 . Levels of N0 2 above 282 
mg/m 3 (150 ppm) can be lethal while concentrations in the range of 94-282 
mg/m 3 (50-150 ppm) can produce chronic lung disease (Ferris, 1978). Table 
6.6 shows the progression of effects associated with increasing NO* exposure 
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Table 6.6 Human Response to Short-tern N0 2 Exposure* 


N0 2 Concentration 

(mg/m 3 ) 

Exposure Time 

Effect 

0.23 

Not reported 

Odor threshold 

0.14-0.50 

Not reported 

Threshold for dark adaptation 

0.5-5.0 

15 min 

Increased airway resistance in 
asthmatics 

7.5-9.4 

15 min 

Decreased pulmonary diffusing 
capacity 

9.4 

5 min 

Alveolar-arterial p0 2 differences 

11.3-15.2 

5 min 

Increased airway resistance in 
asthmatics and healthy adults 


• DOE (1985). 


for short time periods. Animal studies have shown that reduced resistance 
to respiratory infection is the most sensitive indicator of respiratory damage. 
Several studies have investigated the relationship between respiratory illness 
and the use of gas stoves in the home (an N0 2 source). Table 6.7 summarizes 
these epidemiologic studies involving children and adults. Several studies 
indicate a small but apparently higher incidence of respiratory symptoms 
and disease for children living with gas stoves versus those in homes with 
electric stoves. When indoor concentrations were measured, the levels were 
much lower than were previously thought to contribute to lung function 
changes or disease effect. These effects were not observed in adults living 
in similar environments. 


2.3 Tobacco Smoke 

Tobacco smoke contains both particulate matter (most of which is in the 
respirable range (<1 ^m) and gaseous components. The latter include CO, 
NO, and N0 2 as well as nicotine, dimethylnitrosamine, acrolein, ammonia, 
acetaldehyde, formaldehyde, and benzopyrene (HEW, 1979). 

Considerable experimental and epidemiological evidence exists that 
points out the association between involuntary smoking and adverse health 
effects. Children living in households where parents smoked have been found 
to incur adverse pulmonary effects when compared to those from nons¬ 
moking households (Tager et al., 1979; Ware et al., 1984). Parental smoking 
also appears to be a cause of increased respiratory disease in children (Harlap 
and Davies, 1974; Colley et al., 1974; Leeder et al., 1976; Ware et al., 1984). 
In addition, wives of smokers have been found to have a higher risk of 
developing lung cancer (Hirayama, 1981; Sandler etal., 1985a,b)and a higher 
total death rate from ischemic heart disease (Garland et al., 1985) than wives 
of nonsmokers. Table 6.8 summarizes some of the major findings from recent 
studies of involuntary smoking. 
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Table 6.7 Effects of Exposure to Nitrogen Dioxide in the Home on the Incidence of Acute Respiratory Disease in 
Epidemiological Studies Involving Gas Stoves 

N0 2 concentration 

Pollutant pg/m 3 (ppm) Study Population Effects References 


N0 2 plus other gas 
stove combustion 
products 


N0 2 plus other gas 
stove combustion 
products 

N0 2 plus other gas 
stove combustion 
products 


N0 2 plus other gas 
stove combustion 
products 


N0 2 concentration not 
measured at time of 
study 


N0 2 concentration not 
measured at time of 
study 

Kitchens: 9-596 (gas) 
(0.005-0.317) 11-353 
(electric) (0.006-0.188) 
Bedrooms: 7.5-318 (gas) 
(0.004-0.169) 6-70 
(electric) (0.003-0.037) 


Households, 24-hr 
average 

Gas (0.005-0.11) 


Studies of Children 

2254 children from homes 
using gas to cook 
compared to 3204 
children from homes 
using electricity, ages 
6-11 

4827 children, ages 5-10 


806 6- and 7-year olds 


128 children, 
346 children, 
421 children. 


0-5 years 
6-10 years 
11-15 years 


Bronchitis, day or night 
cough, morning cough, cold 
going to chest, wheeze, and 
asthma increased in children 
with gas stoves 

Higher incidence of respira¬ 
tory symptoms and disease 
associated with gas stoves 
Higher incidence of respira¬ 
tory illness in gas stove 
homes. No apprent statisti¬ 
cal relationship between 
lung function tests and ex¬ 
posure 


No significant difference in re¬ 
ported respiratory illness 
between homes with gas 


Mclia et al. 
(1977) 


Mclia et al. 
(1979) 

Florey et al. 

(1979) 
Companion 
paper to 
Mclia et al. 
(1979) 

Goldstein et 
al. (1979) 
Mitchell et al. 

(1974) 

See also 
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NOi plus other gas 
stove combustion 
products 

N0 2 plus other gas 
stove combustion 
products 


N0 2 plus other gas 
stove combustion 
products 


Electric (0-0.06) 
Outdoors (0.015-0.05) 


Sample of same 
households as reported 
above but no new 
monitoring reported 
95 percentile of 24-hr 
indoor average: 39-116 
pg/m 3 (0.02-0.06 ppm) 
(gas); 17.6-95.2 pg/m 3 
(0.01-0.05 ppm) 
(electric); frequent 
peaks (gas) > 1100 pg/ 
m 3 (0.6 ppm) 


Bedroom: 0.009-0.161 
ppm (mean 0.032 ppm) 
Living room: 0.009- 
0.0292 ppm (mean 0.043 
ppm) 


174 children under 12 
years 

8120 children 6-10 years; 
6 different 

communities; data also 
collected on history of 
illness before the age of 
2 


179 children from homes 
where gas is used for 
cooking; ages 5-6 


and electric stoves in chil¬ 
dren from birth to 12 years. 
No difference in lung func¬ 
tion tests 

No evidence that cooking 
mode is associated with the 
incidence of acute respira¬ 
tory illness 

Significant association be¬ 
tween history of respiratory 
illness before age 2 and use 
of gas stoves. Small but sta¬ 
tistically significant decre¬ 
ments in lung function tests 
(FEV, 0 = 16 ml, FVC = 

18 ml) for those from gas 
stove homes compared with 
children from homes with 
electric stoves 

No statistically significant re¬ 
lationship was found be¬ 
tween the prevalence of 
having one or more respira¬ 
tory symptoms and weekly 
average levels of N0 2 in the 
bedroom and living room 


Keller et al.' 
(1979a,b) 


Keller et al. 
(1979b) 


Spcizer et al. 
(1980) 


Melia et al. 
(1982) 
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Table 6.7 ( Continued ) 


Pollutant 


NOi plus other gas 
stove combustion 
products 


NO 2 concentration 
jig/m 3 (ppm) 

NO 2 concentration not 
measured at time of 
study 


Study Population Effects References 

10,106 children from 6 No significant association be- Ware et at. 
communities, age 6-9 tween reported respiratory (1984) 
years illness and exposure to gas 

cooking. The estimated rela¬ 
tive risk of respiratory ill¬ 
ness before the age of 2 was 
1.13 (p = 0.07) for children 
from gas stove homes. Chil¬ 
dren from homes with gas 
stoves had lower pulmonary 
function than did children 
not exposed to gas stoves. 

Examination 1: 0.6% reduc¬ 
tion for FVC (p = 0.01) 
and 0.7% reduction for 
FEV, (p = 0.03); Examina¬ 
tion 2: 0.3% reduction for 
FVC (p = 0.17) and 0.3% 
reduction for FEV, 0 (p = 

0.26) 
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N0 2 plus other gas 
stove combustion 
products 

N0 2 plus other gas 
stove combustion 
products 

N0 2 plus other gas 
stove combustion 
products 


N0 2 plus other gas 
stove combustion 
products 


N0 2 plus other gas 
stove combustion 
products 


Studies of Adults 


See table 6.10 for 
monitoring 

Preliminary measurements 
peak hourly 470-940 

pg/m 3 

See table 6.10 for 
monitoring 


See table 6.10 for 
monitoring 


N0 2 concentration not 
measured at time of 
study 


Members of 441 
households 


Housewives cooking with 
gas stoves; compared to 
those cooking with 
electric stoves 
Housewives cooking with 
gas stoves, compared to 
those cooking with 
electric stoves; 146 
households 
Members of 120 
households 


213 nonsmoking women, 
20-39 years of age, 
from the highest and 
lowest quartiles of the 
lung function 
distribution 


No significant difference in re¬ 
ported respiratory illness 
among adults in gas vs. 
electric cooking homes 
No increased respiratory ill¬ 
ness 


No evidence that cooking with 
gas is associated with an in¬ 
crease in respiratory disease 

No significant difference in 
acute respiratory disease in¬ 
cidence in gas vs. electric 
cooking homes among 
adults 

A larger proportion of women 
with low lung function used 
gas for cooking but this dif¬ 
ference was not statistically 
significant 


Mitchell et al. 
(1974) 

EPA (1976) 


Keller ct al. 
(1979a,b) 


Keller et al. 
(I979a,b) 


Jones et al. 
(1983) 
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Table 6.8 Health Studies of Involuntary Smoking 


Health Study 


Number of 
Subjects (age) 


Results 


References 


Occupationally exposed smokers and 
nonsmokers. 83% in professional, 
technical, or managerial positions 
(southern California)-—spirometry 

British children of smoking parents— 
questionnaire 


Children of smoking and nonsmoking 
parents—spirometry; questionnaire 

Children of smoking and nonsmoking 
Finnish mothers 


Patients with angina; 15 cigarettes in 31- 
m' room in 2hr-cardio vascular 
measurements 


2,100 Nonsmokers exposed at work had lower 
(middle aged, 40s) values on lung function tests that 

are related to significantly reduced 
small airway function, FEF 25-75 and 
FEFtj-m 

2,205 Parental smoking the cause of increased 
(<5) respiratory disease in first year of life: 

~3 additional cases of pneumonia or 
bronchitis per 100 children for each 
adult 

444 FEF 25-75 lower for children of smoking 

(5-9) parents vs. children of nonsmoking 

parents 

12,000 Children of smoking mothers (matched 
(<5) by marital status, maternal age, and 

socioeconomic status) had significantly 
higher morbidity (mostly respiratory 
disease) and were more likely to be 
hospitalized and for longer periods of 
time than children of nonsmoking 
mothers. Most pronounced effect in 
morbidity occurs in first year of life 
10 Increased measures of cardiac function 

(40-60) and decreased duration to anginal pain 


White and Froeb (1980) 

Colley et al. (1974); 
Lecder et al. (1976) 

Tager et al. (1979) 
Rantakallio (1978a,b) 


Aronow (1978) 


Source: https://www.induslrydocumenls.ucsl.edu/docs/likbj0000 





Gas-electric stove studies—spirometry; 
questionnaire 

Nonsmoking Japanese wives 


Nonsmoking Greek women 


808 (6-7) 
8120 (6-10) 
91,540 
<*40) 


189 

(mean age = 
62-63 years) 


More respiratory disease in homes with 
smoking parents 
Wives of heavy smokers had 
significantly greater risk of developing 
lung cancer; age-occupational 
standardized annual mortality rates for 
lung cancer 8.7/100,000 for wives of 
occasional or nonsmokers; 14/100,000 
for wives of ex-smokers or those 
smoking ^19 cigarettcs/day; 
18.1/100,000 for wives of those 
smoking ^20 cigarettcs/day. The 
relative risk of passive smoking was 
about J to 1 that of direct smoking 
Statistically significant difference 
between cancer cases (40) and other 
patients (149) with respect to 
husbands* smoking habits. Relative 
risks of lung cancer were 2.4 for those 
with husbands who smoked <70 
cigarettcs/day and 3.4 for >20 
cigarettes/day. Tentatively, the 
relative risk of passive smoking was 
80% of that for direct smoking, but 
with broad confidence limits 


Florey et al. (1979); 
Spcizer ct al. (1980) 
Hirayama (1981) 


Trichopoulos et al. (1981) 
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Health Study 


Number of 
Subjects (age) 


Results 


Nonsmoking American women 


Lung cancer patients 


176,739 

(35-89) 


1338 cases 
(35 nonsmokers), 
1393 controls 


Unadjusted lung cancer mortality ratios 
were 1.27 for women with husbands 
who smoked <20 cigarcttes/day and 
1.10 for those married to ^20 
cigarettcs/day smokers. When 
compared to those with nonsmoking 
husbands, neither mortality ratio was 
statistically significant. When data 
adjusted for age, race, educational 
status, residence, and husband’s 
occupational exposure to dust, fumes, 
or vapors, the mortality ratios were 
1.37 for those with husbands smoking 
<20 cigarcttes/day and 1.04 for 
spouses of 20 cigarettes/day smokers, 
neither ratio being statistically 
significant 

Smoking habits of the spouses and 
parents of nonsmoking lung cancer 
patients were compared to those of 
spouses and parents of nonsmoking 
controls. Nonsmokers married to 
heavy smokers (^41 pack-years) had 
an increased risk of lung cancer 
(estimated relative risk 3.11). The 
estimated relative risk associated with 
maternal smoking was 1.36 (adjusted 
to control for active smoking by lung 
cancer cases). 



Source: httpsj'/wv/w.industrydocuments.ucsI.edu/docsv'hkbiOOOO 


References 
Garfmkel (1981) 


Correa ct al. (1983) 





2057825890 


Nonsmoking American wives 


North Carolina Cancer Patients 
questionnaire 


Children of smoking and nonsmoking 
parents; spirometry, questionnaire 


695 Nonsmoking wives of current or former 

(age 50-79 years) cigarette smokers had a higher total 

death rate (3.8 and 2.1%, respectively) 
from ischemic heart disease than 
women whose husbands never smoked 


518 cases 
518 controls 
(age 15-59 years) 


10,106 children 
(age 6-9 years) 


( 1 . 0 %) 

Overall risk of cancer from 
environmental tobacco smoke was 
examined using smoking by spouse as 
a measure of exposure. Cancer risk 
among those married to smokers was 
1.6 times that of individuals never 
married to smokers. Statistically 
significant risks in relationship to 
environmental tobacco smoke were 
seen for lung cancer, breast cancer, 
cervical cancer and endocrine cancer. 
Cancer risk increased significantly 
with number of household members 
who smoked 

Maternal smoking was associated with 
increases of 20 to 35% in the rates of 8 

' respiratory diseases and symptoms 
including bronchitis, wheezing and 
coughing. Illness and symptom rates 
had a strong linear relationship with 
number of cigarettes smoked by 
mother. FEV| was significantly lower 
for children of current smokers vs. 
children of nonsmokers 



Source 


Irydocuments 


sf.edu/docsrt 


Garland et at. (1985) 


Sandler et al. (1985a,b) 


Ware et al. (1984) 
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2.4 Asbestos and Fibrous Particles 

Asbestos is a generic term that applies to several naturally occurring, hy¬ 
drated mineral silicates. The most common form in the United States is 
chrysotile (3MgO*2Si02‘2H 2 0). Other types include amosite, crocidolite, 
tremolite, anthophyllite, and actinoiite. 

Significant increased risk of death from nonmalignant respiratory disease 
(often asbestosis) has been reported for workers in the insulation, textile, 
and other asbestos industries (Dement et al., 1983; Selikoff, 1975; Selikoff 
et al., 1979; Lemen et al., 1980; Newhouse, 1969). In addition, all commercial 
forms of asbestos have been shown to be carcinogenic in man (Lemen et 
al., 1980). Increased rates of bronchial cancer and pleural and peritoneal 
mesotheliomas have been associated with asbestos exposure of asbestos 
manufacturing, insulating, and shipyard workers and among asbestos miners 
[e.g., see Wadden and Scheff (1987) for summary of studies]. Many of these 
same populations also exhibited excess risk of the gastrointestinal tract. 
Household contact with work-derived asbestos dust has also been associated 
with increased mesothelioma risk (Anderson et al., 1976, 1979). In general 
there has been a 15-20 year latent period between asbestos exposure and 
incidence of cancer. In addition, the level of exposure that caused the disease 
is ordinarily not known (OSHA, 1986). Also, see Section 3.3.2. 

Man-made mineral fibers such as rock wool or fibrous glass are used for 
thermal insulation and as substitutes for asbestos. Workers occupationally 
exposed to airborne fibrous glass particles have exhibited a significant excess 
of nonmalignant respiratory disease when compared with the total Caucasian 
population in the United States (Bayliss et al., 1976). In addition, epide¬ 
miologic studies of the glass fiber industry and the mineral wool (rock/slag) 
industry reveal an excess of lung cancer deaths that may be related to ex¬ 
posure to these man-made fibers (e.g., Saracci et al., 1984; Enterline et al., 
1983; Weill et al., 1983). 


2.5 Formaldehyde 

Formaldehyde (HCHO) is an important industrial chemical used to produce 
synthetic urea- and phenol-formaldehyde resins. These resins are applied 
primarily as adhesives in making particleboard, fiberboard, plywood, and 
laminates. Urea-formaldehyde concentrates are also used in coatings pro¬ 
cesses, paper products, and in making foams for thermal insulation. The 
textile industry uses HCHO in the production of creaseboard, crushproof, 
flame-resistant, and shrinkproof fabrics. Formaldehyde is also present in 
tobacco smoke and emissions from combustion sources. 

Burning of the eyes, lacrimation, and general irritation of the upper res¬ 
piratory passages are the first signs experienced at HCHO concentrations 
in the 0.1-5 ppm range (NAS, 1980; Bender et al., 1983). The odor of for¬ 
maldehyde is generally sensed at 1 ppm, but some individuals can detect it 
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at 0.05 ppm (NAS, 1981a). Concentrations of 10-20 ppm may produce cough¬ 
ing, tightening in the chest, a sense of pressure in the head, and palpitation 
of the heart. These symptoms may occur in susceptible persons at <5 ppm, 
and those with bronchial asthma may experience acute asthmatic attacks on 
exposure to 0.25-5 ppm (NAS, 1981a). Exposures above 50-100 ppm can 
cause serious injury such as collection of fluid in the lungs (pulmonary 
edema), inflammation of the lungs (pneumonitis), or death (NIOSH, 1980). 

In December 1980, the National Institute for Occupational Safety and 
Health (NIOSH) and the Occupational Safety and Health Administration 
(OSHA) recommended that formaldehyde be handled in the workplace as a 
potential occupational carcinogen. This judgment was based on the high 
incidence of a rare form of nasal cancer in test animals undergoing extended 
exposures to 2, 6, and 15 ppm HCHO. Recent epidemiologic studies have 
not been able to confirm a connection between formaldehyde exposure and 
nasal cancer in man (e.g., Acheson et al., 1984; Olsen et al., 1984; Olsen 
and Asnaes, 1986). However, nasal cancer is extremely rare in man, and 
these studies lack the statistical power to detect a true excess of risk. 
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2.6 Radon and Radon Daughters 

Radon-222 (^Rn) is a noble gas decay product of ^Ra, which in turn is 
part of the decay chain of 238 U. Radon-222 has a half life (fia) of 3.8 days, 
is an alpha emitter as are several of its daughters (polonium-218, = 3 
min; polonium-214, r 1/2 = 1.6 x 10" 4 sec), and is essentially inert to chem¬ 
ical reaction. Any substance containing uranium or radium is a source of 
^Rn. (Since the / 1/2 for ^Ra is over 1600 years, the ^Rn production rate 
is essentially a constant.) Radon gas can accumulate in buildings and mines 
that are poorly ventilated. 

The major health effect associated with environmental exposure to 222 Rn 
is an increased incidence of lung cancer. The most pertinent data on this 
effect have come from a number of studies of miners in Sweden (Axeison 
and Sundell, 1978; Edling, 1982; Edling and Axeison, 1983; Radford and St. 
Clair Renard, 1984), Canada (Thomas and McNeill, 1982; Muller et al., 1983; 
Band et al., 1980), Britain (Fox et al., 1981), Czechoslovakia (Sevc et al., 
1976; Kunz et al., 1979), and the United States (BEIR, 1980; Samet et al., 
1984). Some of these are summarized in Table 6.9. Exposures are given in 
terms of working level months (WLM), which relates a specific amount of 
alpha particle energy per liter of air to a work month of 170 hr. However, 
222 Rn levels are usually reported as concentrations in picocuries of 
radon/liter of air (pCi/L). (As a general conversion for homes, 1 pCi/L cor¬ 
responds to about 0.005 working levels.) If we assume 50 percent occupancy, 
this would give an annual exposure of about 0.125 WLM. A recent review 
of the studies of uranium miners in Ontario, Saskatchewan, and the Colorado 
Plateau, and of Swedish metal miners has indicated that lifetime exposure 
to an additional 1 WLM/year (about 8 pCi/L based on the calculation) in- 
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Table 6.9 Risk Estimates of Lung Cancer from Radon Exposures' 3 


Miner Group and 

Period Studied 

Number 

Excess Lung Cancers/ 

10 6 Person-years WLM 

Swedish iron* 

1951-1976 

1,294 

19 

Smokers 


22 

Nonsmokers 


16 

U.S. uranium 6 ’ 

1950-1974 

3,356 

6-9 

Czech uranium* 3 ' 

1950-1975 

2,530 

18-21 

Ontario uranium' 

1959-1977 

14,558 

6-15 

Newfoundland fluorspar^ 

2,414 

18 

Ontario, Saskatchewan, 

Colorado Plateau uranium; 
Swedish iron 


5* 


* After Radford and St. Clair Renard (1984). 
b Radford and St. Clair Renard (1984). 
r BEIR (1980). 

4 Sevc et al. (1976); Kunz et al. (1979). 

' Thomas and McNeill (1982); Muller et al. (1983). 
f Thomas and McNeill (1982). 

9 NRC (1988); estimate in this form assumes a 70-year lifetime. 


creases an individuals’ risk of dying from lung cancer by 1.5 times over that 
for someone not receiving this exposure. The risk in smokers was estimated 
at 10 or more times greater than for nonsmokers (NRC, 1988). Alternatively, 
the risk of exposure to radon may be expressed as 5-22 lung can¬ 
cers/10^ rson-years WLM. 

2.7 Viable Particles 

Pollen, bacteria, fungal and plant spores, and viruses are all associated with 
airborne particles. A common measurement of viable particles is called TVP 
(total viable particles) or CFP (colony forming particles). Ordinarily this 
measure reflects bacterial activity and does not include pollen or viruses 
and often also excludes fungal spores. In general, it appears that TVP con¬ 
centrations inside do not follow outdoor concentrations and are more closely 
related to living conditions and indoor activity (Yocum et al., 1977). It has 
been estimated, based on measurements in schools, hospitals, and resi¬ 
dences, that humans live in air with “bio-burdens” of from 20 CFP/m 3 to 
over 700 CFP/m 3 without apparent ill effects (Berk et al., 1980). Spore levels 
are generally lower indoors than outdoors as are pollen grains (Yocum et 
al., 1977). 
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Air conditioners and cool-mist humidifiers have been identified as devices 
where pathogenic organisms may concentrate and later be released as con¬ 
centrated viable aerosols (NAS, 1981b). Legionella-pneumophilia (Legion¬ 
naires’ disease) and Acinetobacter infection have been linked to such sources 
(e.g., Cordes et ah, 198C, Smith, 1977). Inadequate ventilation systems may 
result in increased acute respiratory disease (ARD) in adults (Brundage et 
al., 1988). A 5-year study of over one million army recruits at four training 
centers found that those housed in modern barracks (energy efficient, 95 
percent recirculated air, —3 air changes/hr, windows generally closed) had 
a greater than 50 percent excess of ARD when compared with recruits 
housed in traditional barracks (~50 percent recirculation, windows ordi¬ 
narily used for ventilation). Even when year-round vaccination was intro¬ 
duced, the residents of modem barracks continued to experience approxi¬ 
mately 20 percent higher ARD rates. 


2.8 Organics 

A great variety of organic materials have been identified in indoor air. These 
include aliphatic and aromatic hydrocarbons, chlorinated hydrocarbons, and 
various ketones and aldehydes (Johansson, 1978; Jarke et al., 1981; Wallace, 
1987). While some of these contaminants have been suggested as possible 
carcinogens (e.g., benzene and tetrachloroethylene), the actual health im¬ 
plications of most organics found in indoor air is not presently well defined. 


r ^ 


2.9 Carbon Dioxide 

This gas (C0 2 ) is produced by human metabolism and exhaled through the 
lungs. The amount of C0 2 produced is a function of food composition and 
the activity level of an individual. The amount of C0 2 normally exhaled by 
an adult with an activity level representative of an office worker is about 
200 ml/min (0.0073 cfm) (Woods, 1980). 

Exposure of healthy individuals for prolonged periods to 1.5 percent C0 2 
apparently causes mild metabolic stress while exposure to 7-10 percent will 
produce unconsciousness within a few minutes (ACGIH, 1986). Exposure 
of nuclear submarine crews to 0.7-1.0 percent C0 2 demonstrated a consis¬ 
tent increase in respiratory minute volume and cyclic changes in the acid- 
base balance in blood. These biochemical changes may be related to C0 2 
uptake and release in bone. This effect may cause reduction in bone density 
due to release of calcium (Schaeffer, 1979; Tansey et al., 1979). Ventilation 
standards are normally set to maintain C 02 indoor concentrations less than 
0.5 percent, a level which appears not to adversely affect persons with nor¬ 
mal health (ASHRAE, 1980). 
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3 SOURCE EMISSIONS 

3.1 Combustion 

Any unvcnted combustion source will release CO, NO, N0 2 * and possibly 
other gases and particulates into indoor spaces. Table 6.10 summarizes emis¬ 
sions from unvented gas stoves. Pollutants released from gas- and kerosine- 
fueled space heaters are shown in Table 6.11. Woodstoves are also a source 
of indoor pollution as well as outdoors, and indoor emission rates are given 
in Table 6.12. While forced-air gas furnaces, hot-water boilers, water heat¬ 
ers, and clothes dryers produce pollutant emissions, proper installation will 
ordinarily route these materials outdoors (Wadden and Scheff, 1983; Bor- 
razzo et al., 1987; Relwani et ai., 1986). 

3.2 Environmental Tobacco Smoke 

Tobacco smoke contains a great variety of potentially hazardous materials. 
Actual emission factors per cigarette for a number of these substances are 
given in Table 6.13. Mutagenicity of cigarette smoke has been reported on 
a revertants/cigarette basis and is included in Table 6.13 (Lofroth et al., 
1989). Mainstream smoke is inhaled by a smoker, and the emission factors 
are representative of pre-inhalation conditions. Many of the pollutants will 
be filtered out in the smoker’s lungs, for example, 70 percent of the parti¬ 
culate matter (Hoegg, 1972). Sidestream smoke is primarily the unfiltered 
smoke emitted from an idling cigarette, cigar, or pipe. The emission factors 
for sidestream are consequently more useful for characterization of indoor 
environments where smoking is allowed. 

The typical indoor concentration data summarized in Table 6.1 show con¬ 
sistently higher levels of total, inhalable, and respirable particulate matter 
in settings where smoking was observed. The table also shows that con¬ 
centrations of nicotine and total volatile organic compound concentrations 
are influenced by the presence of tobacco smoking. Smoking was found to 
be the major source of indoor respirable particulate matter inside and outside 
of homes in six North American cities where each smoker in a home was 
shown to contribute approximately 20 ^g/m 3 to the annual indoor respirable 
particulate matter concentration (Dockery and Spengler, 1981; Spengler et 
al., 1981). Sidestream smoke particles are also persistent with 75 percent 
remaining suspended in a test chamber after 2.5 hr with a median size of 
0.7 ^m and no particles greater than 2 *im (Hoegg, 1972). For additional 
information, see Section 5.2, Chapter 4. 

3.3 Building Materials and Furnishings 

3.3.1 Radon. The primary sources of indoor radon include soil gas, build¬ 
ing materials, tap water and outdoor air. Table 6.14 summarizes typical 

(text continued on p. 112) 
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Table 6.10 Emissions from Gas Stoves 


116 tests, 12 burners 0 
72 tests, 3 burners 0 
16 tests, I burner* 

11 tests, 4 burners* 

5 tests, 2 burners* 7 

18 ranges, 72 burners operated with water-filled 
cooking pots*' 

Older stove, 1-3 cast-iron burners 7 
New Stove, 1-3 pressed steel burners 7 
4 stoves operated with water-filled cooking pots' 
Japanese stoves* 

4 Town gas (18,800 kJ/Nm 3 ) 

2 LPG (99,600 kJ/Nm 3 ) 


9 Range top 

5 Range ovens and broilers*' 
Range top 7 

O O P ? O / p a jy Cast-iron burners 

y05^6our3U6 Pressed steel burners 


o 

v| 




Heat Input Rate 
kJ/burner min 


Emission Factors (pg/kJ) 


CO 


NO 


NO 


CO 


HCHO 


Range Top Burners 


160 

29.2-60.2 

15.5-17.6 

9.0-10.8 



40.4-243.8 

15.1-17.2 

9.0-12.5 


150 

98 ± 18 

17 ± 1.1 

12 ± II 


150 

110 ± 40 

17 ± 5.1 

12 ± 5.7 


150 

200 ± 34 

30 ± 

4.2 


158-211 

35 

21 ± 4.5 

8.7 ± 2.3 

46,600 

158-188 

91-114 

22-28 

12-17 


237-244 

75-122 

31-33 

16-19 


174 

213 

7.4 

20.3 

49,000 

143 


2.1 



216 


1.9 



Pilot Lights 





2.8-3.0 

33.5 

9.5 ± 0.8 

5.6 ± 0.8 

46,600 

3.0-3.1 

249 

0.6 ± 0.9 12.9 ± 2.5 

46,600 

10.5 

100 

10.8 

13.0 


7.0 

201 

1.1 

4.4 
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Table 6.10 (Continued) 



Heat Input Rate. 
kJ/bumcr min 


Emission Factors (ng/kJ) 



CO 

NO 

no 2 

C0 2 

HCHO 


Ovens and Broilers 





27 units 41 # 

194-424 

25.1 

23.3 ± 5.7 

7.4 ± 2.6 

46,600 


Older oven r 

154 

126 

21.8 

17.4 



Newer oven^ 

154 

387 

18.6 

12.0 



II units at I80°C (350°!^ 

140 

227 

6.9 

14.8 

47,700 

2.7 

Broiler—3 tests, 15 min/test* 

Oven 6 

305 

127 ± 17.6 

15 ± 1.3 

12.9 ± 0.9 



2 tests, 0-15 min/test, 200°C 

300 

150 ± 18 

20 ± 0.7 

22 ± 4.1 



6 tests, 15-60 min/test, 200°C 

150 

33 ± 1.3 

14 ± 0.3 

II ± 0.4 



2 tests, 260°C 

160 

33 ± 6.5 

22 ± 2.6 

16 ± 5.0 




* Moschandreas ct at. (1987). 

* Borrazzo ct al. (1987). 
r Traynor ct al. (1982). 

4 Belles ct al. (1975). 

* Himmcl and DeWerth (1974). 
' NAS (1981b). 

* Hollowcll ct al. (1976). 
h Yamanaka ct al. (1979). 

' Rclwani cl al. (1986). 
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Table 6.11 Pollutant Emissions from Unvented Space Heaters under Normal Operating Conditions 



Number 

of 

Heat 
Rate _ 



Emissions (pg/kJ) 



Fuel and Heater Type 

Heaters (kJ/min) 

CO 

NO 

no 2 

n 

o 

w 

S0 2 HCHO 

Particulates 

Kerosene 

Convection - "' 

15 

92-265 

8-213 

14.1-18.7 

5.6-18.7 

71,611-77,000 

3.9-33.2* 0.2-0.45 

3.9 

Radiant - "' 

20 

110-188 

58-190 

0.08-1.7 

3.2-5.6 

67,075-83,000 

6.5-58 0.1-0.4 

0.5-1.3 

2-Stage' c 

5 

125-252 

3.5—9.2 

4.3-6.4 

2.2-4.9 

74,660 

— 0.2-0.4 

1.7 

Natural Gas and Propane 

Convection - ** 

12 

185-626 

16-34 

14.6-26.6 

13-14.6 

— 

- 0.8-1.0 

0.3-0.4 

Infrared, Radiant - * r 

3 

175-266 

45-85 

0 - 0.1 

4.7-5.5 

— 

- l.O-l.l 

0.1-0.3 

Catalytic* 

1 

195 

14.2 

0 

1.29 

— 

—— - 

— 

Liquid Petroleum Gas (LPG/ 

5 

88.2 

82.4 

0.71 

3.0 

— 

— 1.4 

— 


* Apte and Tray nor (1986);* Yamanaka et al. (1979); f Lionel et al. (1986 ); d Woodring el *1.(1985);' Leaderer(l982); / Caceres el a). (1983); f Relwani 
et a). (1983); * Relwani cl *1. (1986). 

* Lower value corresponds lo l-K kerosene (0.04% S by weight) and upper value to 2-K kerosene (0.3% S by weight). 
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Table 6.12 Indoor Emission Factors for Wood Stoves 



Number 

of 




* 

mg/hr 





Stoves 

TSP 

RP 

PNA 

BaP 

CO 

NO 

no 2 

Airtight Heaters 

Catalytic 

6* 

4.1-42.9 

2.3—7.5 

66-135 x |<T* C ‘ 

—- 

55-375 

0.4-2.6 

0.3-0.9° 

Conventional* 

3* 

2.5-8.7 

— 

— 

20-760 x 10"‘ 

11-161 

— 

• 


3° 

4.3-5.7 

2.3-3.4' 

43 x I0~ ,y) 

— 

64-162 

0.7-3.2 

0.2-2.4 

Non-Airtight Heaters 1 


i* 

16-230 

— 

— 

2.2-57 x I0' J 

252-2070 

— 

— 


3" 

11.9- 

20.6 

5.5-11.1 

120-243 


210-530 

2.0-9.4 

2.I-3.6 


* Knight cl al. (1986); Parkhurst ct al. (1988). 

* Traynor ct al. (1987). 

c Based on testing 3 stoves. 

4 Radiant and circulator heaters. 

' Based on testing 2 stoves. 
r Based on testing I stove. 

* Franklin-type freestanding fireplace heaters and box-type radiant heaters. 
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Table 6.13 Emission Factors for Mainstream and Sidestream Tobacco 
Smoke 


Properties 

Mainstream 

Sidestream 

Source 0 

General Characteristics 



Duration of smoke production 

20 sec 

550 sec 

2 

Amount of tobacco burnt 

347 mg 

411 mg 

2 

Number of particles per cigarette 

1.05 x 10 12 

3.5 x 10 12 

2 

Particle mean diameter 

0.2 {xm 

0.15 |±m 

2 

Mutagenicity, revertants/cigarette 


13,400-17,300 

10 

Particulate Phase (jxg/cigarette) 


Total suspended particulate matter 

36,200 

25,800 

2 

Tar (chloroform extract) 

<500-29,000 

44,100 

2,9 

Total phenols 

228 

603 

2 

Pyrene 

0.05-0.2 

0.18-1.01 

4,11 

Benzo(a)pyrene 

0.02-0.04 

0.068-0.136 

4,11 

Nitrosonomicotine (NNN) 

0.1-0.55 

0.5-2.5 

4 

Cadmium 

0.13 

0.45 

2 

Nickel 

0.08 


3 

Arsenic 

0.012 


3 

2-Naphthyl amine 

0.002-0.028 

0.08 

4 

Hydrogen cyanide 

74 


5 

Polonium-210 

0.029-0.044 pCi/cigarette 

7 

# 

Gases and Vapors (jig/cigarette) 


Carbon monoxide 

1,000-20,000 

25,000-67,000 

4,9,10 

Carbon dioxide 

20,000-60,000 

160,000-480,000 

4 

Nicotine 

100-2,500 

800-6,750 

4,9,10 

Acetaldehyde 

18-1,400 

40-3,100 

1,3,10 

Hydrogen cyanide 

430 

110 

4 

Methylchloride 

650 

1300 

4 

Acetone 

100-600 

250-1,500 

4 

Ammonia 

10-150 

980-150,000 

1,3,4 

Pyridine 

9-93 

90-930 

1,3,4 

Acrolein 

25-140 

55-560 

1,3,10 

Nitric Oxides 

10-570 

1,950-2,300* 

3,6,8,10 

Nitrogen dioxide 

0.5-30 

625* 

3,6.8 

Formaldehyde 

20-90 

1,300-2,000 

3,6,10 

Dimethylnitrosamine (DMN) 

0.01-0.065 

0.52-3.38 

4 


4 Sources: (1) Wakeham (1972); (2) Hoegg (1972); (3) HEW (1979), Chap. 14; (4) HEW (1979), 
Chap. 11; (5) Schmeltz et al. (1975); (6) Weber et al. (1979); (7) Kelly (1965); (8) Jenkins and 
Gill (1980); (9) FTC (1981); (10) Lofroth et al. (1989); (11) NAS (1981). 


* Based on the data of Weber et al. (1979), Table 1, assuming a mixing 
will be lower if mixing was less than ideal. 
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Table 6.14 Emission Factors for Radon 


Source 

Concentration 

Reference 

» 

r26 Ra Content 
(pCi/g) 

— 

European building materials 

Bricks 

1.4-7.7 

UN (1977) 

Concrete 

0.9-2.0 


Cement 

1.2-1.5 


Plaster 

0.09-0.6 


Phosphogypsum 

<0.5-40 


Rock aggregate, sand, gravel 

0.63-3.0 


U.S. building materials 

Bricks 

1.8 

Nero (1983) 

Concrete 

0.2-3.0 

Bruno (1983) 

Tile 

1.9 


Soil (world ave.) 

0.7 

Nero (1983) 

Nonuraniferous soil from 33 states 

0.23-4.3 

222 Rn Emanation rate 
(pCi/m 2 -sec) 

Sextro (1987) 

Building materials 

European gypsum board 

0.3 x 10~ 4 

Nero (1983) 

European brick 

i.O x 10- 4 


European concrete 

0.001-0.2 


U.S. concrete 

0.015-0.045 


Concrete and bricks 

0.001-0.1 

Bruno (1983) 

Soil 

0.42-1.0 

Nero (1983) 
Bruno (1983) 


concentrations of radium in building materials and soils (^Ra is the source 
of gaseous ^Rn emission). These data are shown as concentrations (pCi 
226 Ra/g of material) and emanation rates (pCi 222 Rn/m 2 *sec). Typical 222 Rn 
emanation rates per unit activity concentration of ^Ra [pCi/m 2 *sec/(pCi/g)] 
are 0.001-0.01 for gypsum, 0.005-0.02 for concrete, and 0.5 for soil (UN, 
1977). In general, the infiltration of soil gas directly into the house (by mo¬ 
lecular diffusion or convective flow of soil gas) is a major source of indoor 
radon (Bruno, 1983; Sextro, 1987). Radon from convective flow of soil gas 
has been reported to be 4-30 times as great as the diffusion component 
(Nazaroff et al., 1985) and has been shown to result from pressure-driven 
flow of soil gas through cracks in basement walls and floors (Nazaroff et 
al., 1987; Zarcone et al., 1986). 

Radon released from water usage indoors can also add significantly to 
indoor concentrations when the water source is an underground aquifer in 
radium-bearing rock (e.g., granite) (Bruno, 1983). While typical water supply 
concentrations nationwide are below 1000 pCi/L, concentrations from 10,000 
to as high as 1,000,000 pCi/L have been reported. Up to 50 percent of the 
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Table 6.15 Estimated Contributions to Indoor Radon in a Typical House* 


Source 

Radon concentration (pCi/L) at 1 air change/hr 

Normal Region 1 * 

Anomalous Region'' 

Outdoor air 

0.25 

0.75 

Building materials 

0.003-0.3 

0.003-0.3 

Water (ave. location) 

<0.06 

<0.06 

Soil gas (diffusion) 

0.03-0.06 

0.3-0.6 

Soil gas (transport) 

0-1.5 

0-15 

Total 

0.3-2.2 

1.1-16.7 


* From Bruno (1983). 

* Normal region assumes radon flux from the soil surface is 1 pCi/m 2 -sec. 
c Anomalous region assumes radon flux from the soil surface is 10 pCi/m 2 


radon in a water supply is released when used (an average household uses 
approximately 1000 L/day). However, except for regions with elevated radon 
concentrations, domestic water is an insignificant source of radon. 

Natural gas contains radon, but the long distribution time to the point of 
use results in a large reduction in radon concentration (Bruno, 1983). Typical 
values in the United States range from 1.5 pCi/L in New York City to 50.5 
pCi/L in Denver (UN, 1977). Outdoor air is also a source of radon. Normally 
encountered outdoor levels of ^Rn in the United States are in the 0.04- 
1.0 pCi/L range (NCRP, 1975). Table 6.15 shows an estimated breakdown 
of the source contributions to indoor radon in a typical home. As a general 
conversion for homes assuming 100 percent occupancy, 1 pCi/L corresponds 
to about 0.005 working levels. For additional information, see Section 5.2, 
Chapter 4. 


5.5.2 Asbestos. Asbestos fiber contamination of a building occurs by fallout, 
contact or impact, and reentrainment. The rate of fiber release in fallout is 
continuous, low level, and persistent. Fallout may occur without actual phys¬ 
ical disruption of the fiber-bearing material and may be a function of the 
degradation of the adhesive binder. This rate may vary due to structural 
vibrations, humidity changes, and air movements. The range of concentra¬ 
tion is near zero for cementitious mixes in good repair to 100 ng/m 3 for 
deteriorating dry mix applications. Concentrations measured during periods 
of quiet activity have varied from near ambient to approximately 100 ng/m 3 
by electron microscopy and 2 x 10 4 fibers/m 3 by optical microscopy (Sawyer 
and Spooner, 1978). Fiber dispersal during routine maintenance may release 
in excess of 20 x 10 6 fibers/m 3 (contact mode), removal of dry sprayed 
asbestos can yield over 100 x 10 6 fibers/m 3 , and reentrainment can cause 
counts of 5 x 10 6 fibers/m 3 during custodial work (Sawyer, 1977). 


33.3 Formaldehyde. 


Particleboard, urea-formaldehyde foam insulation. 
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and consumer products have been identified as HCHO emission sources. 
HCHO concentrations of 60-1673 ppb with an average of 463 ppb were 
measured in 25 rooms of 23 Danish dwellings where chip board was used 
in walls, floors, and ceilings (Anderson et al M 1975). It is interesting to note 
that HCHO emissions from particle board aged for 13 months was about 70 
percent of originally measured values (Anderson et ah, 1975). A survey of 
334 mobile homes (608 samples) in the state of Washington found HCHO 
concentrations from 30 to 1770 ppb, 66 percent between 100 and 490 ppb, 
and 21 percent greater than 500 ppb. Particleboard and plywood were iden¬ 
tified as the major HCHO source (Breysse, 1981). 

Laboratory and home measurements suggest that emissions from parti¬ 
cleboard decrease exponentially with time. The relationship between indoor 
HCHO concentration and time since installation, /, can be expressed as 

C * Gie~ G ** 

where G i and Gi are empirical constants. Note that the equation does not 
take into account amount of particleboard, temperature, humidity, or ven¬ 
tilation. The half-life based on this equation has been variously reported as 
2 years (Scandinavian home construction), 58 months (Danish homes), 69 
months (randomly selected Wisconsin homes), and 28 months (complained- 
about Wisconsin mobile homes). When combined, these data suggest that 
the half-life is on the order of 53 months (NAS, 1981b). Measurements in 
137 mobile homes in Wisconsin found a strong correlation ( R 2 = 0.68) be¬ 
tween HCHO concentration and age of home (Hanrahan et al., 1985). Table 
6.16 summarizes emissions from pressed-wood products and shows emis¬ 
sions up to 1167, 625, and 1500 ^g/m 2 *hr for particleboard, plywood, and 
paneling, respectively (Pickrell et al., 1983). Recent studies of emissions 
from particleboard products suggest that the HCHO emission rate may be 
inversely proportional to HCHO concentration in the chamber where the 
testing is performed (Matthews et al., 1987). 

A variety of strategies for the control and reduction of formaldehyde 
concentrations are available, including the ventilation of tightly controlled 
structures and changes in the manufacturing process for pressed-wood prod¬ 
ucts. Changes in the manufacturing process found to be effective include 
the lowering of the formaldehyde to urea molar ratio from 1.85 to below 
1.25, modification of the resin by co-condensation with small amounts of 
phenol or melamine, and the addition of scavengers to the wood before the 
product is pressed (Meyer and Hermanns, 1985). 

Urea-formaldehyde foam is produced when the two major constituents 
are combined with a catalyst and forced from a pressurized nozzle. The 
product is cured to a hardened resin. The degree to which formaldehyde 
may be emitted from urea-formaldehyde (UF) foam is directly related to the 
composition of the precursor resin and the extent of breakdown reactions 
in the foamed product (Allan et al., 1980). Emission factors for several com- 
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Table 6.16 Emission Factors for Formaldehyde Emitting Materials 

Emission Factor 

pg HCHO/g-hr jig/nr surface hr 


Urea-Formaldehyde Foams 


Average of data from 3 commercial foams 
tested at 33°C over the interval of 10-30 
days after foaming* 

85% relative humidity (n = 21) 

10% relative humidity (n * 21) 
Commercial foam at 35°C and 90% relative 
humidity over the interval 9-26 days* 
Emissions at 25°C and 50% humidity after 47- 
day purge following 16 months storage c 
25°C 

35°C (estimated) 


7.3 

5.7 

10.2 


3,200 

1,900 


60-720 

110-1,270 


Pressed-Wood Products 


Range of 4 particleboards 0.017-0.34 75-1,167 

Interior plywood 0.31-0.38 540-625 

Exterior plywood ND-0.0013 ND-2.3 

Range of 5 panelings 0 ' 0.04-0.9 60-1,500 


t« 


particleboards' 

8 tests on standard particleboard^ 88.6-236.3 

Particleboard underlayment (5 tests) 90-180 

Hardwood-plywood paneling (4 tests) 5-110 

Medium density figerboard (2 tests)* 1,210-1,390 


Building Materials, Furnishings, and Consumer Products 


Fiberglass insulation (6 types) 

Paper plates and cups 

New clothes (not previously washed) 

Drapery fabric (4 blends) 

Upholstery fabric (nylon) 

Upholstery fabric (olefin and cotton) 
7 Carpets (with and w/o backing)** 


0 . 001 - 0.1 
0.001-0.015 
0.008-0.2 
ND-1.25 
0 . 001 - 0.001 
ND-0.001 
ND—0.002 


2.2-25.8 

3.1-41.6 

0.5-31.2 

ND-14.6 

0.25-0.46 

ND-0.2 

ND-2.7 


* Long et *1. (1979). 

* Allan et ai. (1980). 

c Hawthorne and Gtmmige (1982) 
4 Pickrell et al. (1983). 

* M^lhave et al. (1983). 
f Nelms et al. (1986). 

* Silberstein et al. (1988). 
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mercial UF foams are included in Table 6.16. The data were collected under 
laboratory conditions from foams that met suggested standards (Rossiter et 
al., 1977). Although emissions from the various foams do not differ greatly, 
the extractable HCHO (which may reflect the total potential discharge over 
the life of the foam) may differ by a factor of 10 between different formu¬ 
lations (Long et al., 1979). 

Levels greater than 375 ppb (the minimum detectable limit of the sampling 
procedure) up to 7400 ppb were measured for 38 out of 68 Connecticut homes 
(Sardinas et al., 1979). AH of these householders had complained of HCHO 
exposure centering on insulation that had been installed from 3 weeks to 1.5 
years before testing. Following foam insulation in 39 Washington State 
homes, 73 percent of HCHO samples were greater than 100 ppb and 20 
percent were greater than 500 ppb (Breysse, 1979). An analysis of 81 urea- 
formaldehyde foam-insulated residences in New Hampshire found a signif¬ 
icant correlation between indoor HCHO concentration and outdoor tem¬ 
perature (r = -0.52) (Godish et al., 1984). In contrast, the relationship 
between indoor HCHO levels and time after foam installation was not sig¬ 
nificant (r = -0.12). 

Furniture adhesives, plywood, and textiles may also constitute a HCHO 
source (Chin-I-Lin et al., 1979). Data on emissions from clothes, insulation 
products, paper products, fabrics, and carpets are also included in Table 
6.16 (Pickrell et al., 1983). 

For additional information, see Section 3.3, Chapter 4. 

3.3.4 Organics. A great variety of organic materials have been found in 
indoor air (Wadden and Scheff, 1983). These include aliphatic and aromatic 
hydrocarbons, chlorinated hydrocarbons, and various ketones and alde¬ 
hydes. Sources of these compounds include building materials, furnishings, 
environmental tobacco smoke and consumer products such as adhesives, 
paints, insecticides, cleaning products, and personal grooming products. 
Hobbies can produce organics, metal fumes, and respirable particles. Table 

6.1 summarizes data on typical concentrations of organics in indoor envi¬ 
ronments. Emission data is very limited. Table 6.17 shows examples of emis¬ 
sion factors for selected organics for a variety of building materials and 
consumer products. 

Emission rates for many of the materials in Table 6.17 decrease rapidly 
with time. For example, measurements of total organic emissions from a 
floor adhesive was initially greater than 1000 mg/m 2 -hr and decreased to less 
than 50 mg/m 2 -hr after 10 hr (Tichenor and Mason, 1986). Similarly, emis¬ 
sions from a clear latex caulk was initially greater than 100 fig/g-hr and 
decreased to less than 5 ng/g-hr after 50 hr. 

4 OTHER SOURCES 

4.1 Humans 

Humans themselves constitute emission sources for various materials. Table 

* 

6.18 lists emission factors for a variety of organic and inorganic substances 
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Table 6.17 Emission Factors for Materials Emitting Organic Compounds 


Emission Factor 

fig/m 2 surface-hr 

Pressed-Wood Products 


Eight tests on standard particleboard* 


Acetone 


28.9-47.2 

2-Propanol 


2.8-94 

2-Butanol 


1.3-3.9 

Hexanol 


10.2-30.2 

Benzaldehyde 


8.8-19.1 

Benzene 


3.4-8.1 

Particleboard* 



Aliphatic and oxygenated aliphatic hydrocarbons 

27 

Aromatic hydrocarbons 


1.1 

Halogenated hydrocarbons 


0.14 

Building Materials, Furnishings, and Consumer Products 

Total emissions including aliphatic, oxygenated aliphatic, 


aromatic, and halogenated hydrocarbons* 


Cove adhesive 


>5000 

Latex caulk 

• 

637 

Latex paint 


249 

Carpet adhesive 


234 

Black rubber molding 

• 

103 

Telephone cable, vinyl 


30-60 

molding, linoleum tile, 



carpet 



Painted sheetrock c 

Benzene 

120 ± 29 


1,1,1 -Trichloroe thane 

31 - 15 


n-Undecane 

1500 ± 350 

Glued wallpaper and carpet* 

1,2-Dichloroe thane 

180-310 


1,1,1 -Trichloroe thane 

84-260 


Ethylbenzene 

ND-77 


p-Xylene 

26-150 


n-Decane 

190-545 


n-Undecane 

300-500 

Cleaning agents and 

Chloroform 

15,000 ± 250 

insecticides 

1,1,1-trichloroe thane 

37,000 - 15,000 


Carbon tetrachloride 

71,000 ± 5,300 

Moth crystal cakes* 

p-dichlorobenzene 

1050-5900 


• Nelms et al. (1986). 

* Sheldon et al. (1986). 
c Wallace et al. (1987). 

4 Emission in mg/cm 2 x hr, Tichenor et al. (1988). 
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Table 6.18 Materials Emitted by Humans 


Typical Concentrations 
(ppb; 389 people in 
lecture class at 
9:30 a.m.) 


Emission Rate 
(mg/day per person) 


Lecture Class 


Exam 


Organic Bioeffuenf 


Acetone 

20.6 

± 

2.8 


50.7 

± 

27.3 

88.6 

± 

42.1 

Acetaldehyde 

4.2 


2.1 


6.2 

± 

4.5 

8.6 


4.6 

Acetic acid 

9.9 

± 

1.1 


19.9 

± 

2.3 

26.1 


25.1 

Allyl alcohol 

1.7 

± 

1.7 


3.6 

± 

3.6 

6.1 


4.4 

Amyl alcohol 

7.6 

± 

7.2 


21.9 

± 

20.8 

20.5 

-r 

16.5 

Butyric acid 

15.1 

± 

7.3 


44.6 

± 

21.5 

59.4 

± 

52.2 

Diethylketone 

5.7 

± 

5.0 


20.8 

± 

11.4 

11.0 

£ 

7.7 

Ethyl acetate 

8.6 


2.6 


25.4 


4.8 

12.7 

± 

15.4 

Ethyl alcohol 

22.8 

± 

10.0 


44.7 

± 

21.5 

109.0 

± 

31.5 

Methyl alcohol 

54.8 


29.3 


74.4 

± 

5.0 

57.8 

£ 

6.3 

Phenol 

4.6 

± 

1.9 


9.5 

± 

1.5 

8.7 

2: 

5.3 

Toluene 

1.8 


1.7 


7.4 


4.9 

8.0 




Inorganic Biocffluenf 




Carbon monoxide 




4.84 

x 10 3 

± 

1.2 x 10 3 




Ammonia 





32.2 


5.0 




Hydrogen sulfide 





2.7 

± 

1.3 

2.96 


0.68 

Carbon dioxide 




642 

x 10 3 

± 

34 x 10 3 

930 x 10 3 


53 x 


0.63 ft 3 C0 2 » 
met-hr-person 


10 3 


- Wang (1975). 

* ASHRAE (1980). 


(Wang, 1975; ASHRAE, 1980). The quantitation of infectious bacteria and 
virus is less well developed. However, an emission rate of 93 infectious 
particles (quanta) per minute was estimated for an outbreak of measles in a 
Rochester school (Riley et al., 1978). 


4.2 Office Machines and Domestic Air Cleaners 

Tests on photocopying machines and domestic and commercial size elec¬ 
trostatic air cleaners have shown these devices to be indoor ozone sources. 
Emission rates ranging from 0-546 p,g/min have been observed for eight 
electrostatic air cleaners installed in central air-conditioning systems (Allen 
et al., 1978). Tests of table-top units gave 84 *jLg/min (Allen et al., 1978) and 
300-500 ng/min (Viner et al., 1989). Tests of three commercial-size air clean¬ 
ers found emission rates from 333 to 1220 min (Holcomb and Scholz, 
1981; Viner et al., 1989). The ozone emission rates from 11 different pho- 
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Table 6.19 Emission Factors for Portable Home Humidifiers* 


Humidifier 

Water 

Consumption 
Rate, WCR 
(L/hr) 

PM, 0 d 

(*ig/m 3 ) 

PMio 

Emission 
Factor, S 
(mg/hr) 

S/WCR 

(mg/L) 

Ultrasonic 1 

0.48 

658 

437 

910 

Ultrasonic 2 

0.35 

426 

283 

808 

Impeller 1 

0.17 

191 

127 

747 

Impeller 2 

0.09 

56 

37 

411 

Steam 

0.34 

41 

27 

79 


* Tests with total dissolved solids in water (TDS) * 303 mg/L (Highsmith et al. 1988). 

* PMio concentration from an 8-hr test in a 392-m 3 residence with 0.44 air changes per hour. 


tocopying machines were from 10 to 790 jxg/min (typically 15-45 ^g/copy) 
(Allen etal., 1978; Selway etal., 1980) and from another study of 69 machines 
ranged from 0 to 1350 ixg/min (mean 259 ± 302 p-g/min) (Hansen and An¬ 
derson, 1986). For copying machines, the maximum ozone concentration in 
the operator’s breathing zone was between 2S0.001 and 0.15 ppm. Copying 
machine cleaning and maintenance were shown to temporally reduce emis¬ 
sions but with return to previous rates within 15 days (Selway et al., 1980). 
Hydrocarbon discharges have resulted in air concentration up to 1.05 mg/m 3 
over 7.5 hr (NIOSH, 1977). There has also been reports that some toners 
used in photocopying machines contain mutagens, possibly due to trace 
amounts of nitropyrene (C&EN, 1980; Lofroth et al., 1980). 


4.3 Portable Humidifiers 

Portable home humidifiers have been found to be a potentially major source 
of respirable particulate (RP) matter (Highsmith et al., 1988). Tests in a 
residence (392 m 3 ) found RP concentrations as high as 600 p.g/m 3 when using 
tap water with a total dissolved solids (TDS) content of 300 mg/L in an 
ultrasonic humidifier (water consumption rate of 0.48 L/hr). The air exchange 
rate during the tests was 0.44 hr" 1 with the house relative humidity increas¬ 
ing from 35 to almost 45 percent. The particle concentration was found to 
be linear with TDS concentration. Whole house PMio concentrations were 
found to exceed 40 |xg/m 3 even when the ultrasonic humidifier was operated 
with commercially available distilled water (TDS * 24 mg/L). Table 6.19 
shows emission factors for five portable humidifiers (two ultrasonic, two 
impeller, and one steam). 
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STATE OF CALIFORNIA 


AIR RESOURCES BOARD 

1102 Q STREET 
P.O. BOX 2815 
SACRAMENTO. CA 95812 


PETE WILSOK, Governor 



(916) 323-1504 
(916) 322-4357 FAX 


To: Interested Parties 

Re: Adult Activity Study Final Report 


This final report presents the methodology and summary results of the 
first statewide survey of the activity patterns of adults and adolescents in 
California. Because of increasing concern regarding exposures to pollutants 
in different microenvironments, especially indoor locations, the Air Resources 
Board (ARB) funded this study to determine the time Californians spend in 
different microenvironments. The results of this study will be used to 
significantly improve the accuracy of exposure estimates which are used in 
health risk assessments. The data from this study and data from a companion 
children's study also will be used to develop a total exposure model and to 
assess potential strategies for reducing exposure to pollutants. Thus, this 
study provides a very useful and unique data set for California. 

In reading this report, some important caveats should be kept in mind: 

o Because the report was written from a sociological perspective, the 

conclusions and recommendations regarding exposures or health risks may 
not reflect current thinking in the field of environmental health. 

o The objective of this study was to obtain representative data and conduct 

certain basic comparisons; consequently, extensive statistical analysis 
was beyond the scope of this report. 

o The sample is representative of the statewide California population; 

however, the representativeness of subgroups within the statewide sample 
has not been assessed. Thus, the extrapolation of the data for specific 
population subgroups may be inappropriate. 

o The survey questions were very carefully worded, sequenced, and pretested 

to obtain unambiguous data. Thus, the interpretation of the data should 
include careful examination of the specific wording and context of the 
pertinent questions. 

The data also are available on tape or floppy disk. We encourage other 
researchers, risk assessors, and risk managers to use the data from this 
survey to improve our understanding of how and where people are exposed to air 
pollution. 

Sincerely, 


Peggy Jenkins, Manager 

Indoor Exposure Assessment Section 

Research Division 
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ABSTRACT 


Retrospective time diaries were collected from a modified random 
sample of 1762 California residents aged 12 and over who were 
interviewed by telephone regarding all activities for the 24 hours of 
the previous day. Detailed information was also collected on the 
location of activities, on the presence of others smoking during the 
activity, and on socioeconomic and housing characteristics. Interviews 
were conducted with English-speaking households between October 1987 
and September 1988. 

On the average, adults and adolescents in California spent almost 
15 hours per day inside their homes, and six hours in other indoor 
locations, for a total of 21 hours {87s of the day). About 2 hours per 
day were spent on transit, and just over 1 hour per day was spent in 
outdoor locations. The findings with respect to time spent in various 
activities were consistent with earlier national studies. 

Percentages of the sample using or near specific potential sources 
of pollution at any time during the diary day (derived from a set of 
ancillary direct questions developed especially for this survey) varied 
from 5% being proximate to oil-based paints to 78% taking a hot shower 
and 83% using soaps or detergents. In addition, some 25% of all 
California adults (and 13% of 12-17 year-olds) said their jobs involved 
working near dust particles; another 20% said they worked with gasoline 
or diesel vehicles or equipment,and 20% with solvents or chemicals. 
Among the demographic factors that were found to predict greater 
opportunities for potential exposure were employment, gender and age. 
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SUMMARY AND CONCLUSIONS 


i. Xn.t.raductic>n 

Public exposure to environmental pollutants has been assessed in 
several ways. These include the placement of air monitoring equipment 
at specific locations and attachment of personal monitors to individuals 
so that personal exposure through the daily round of activities can be 
measured. Such studies are very expensive to conduct and are limited in 
the number of pollutants that can be monitored. Moreover, participants 
in such studies may engage in atypical daily behavior because of the 
presence of the monitoring equipment. For that reason other, and more 
cost-effective solutions to the problem of estimating public exposure 
have been sought. 

By combining innovations in questionnaire design, such as time- 
diaries and time-budgets, with computer-assisted interviewing, it has 
been possible to produce reliable profiles of location/activity patterns 
for representative samples of the American public. When linked with 
information on air quality by location from other studies (e.g., 
pollutant concentrations in specific times and locations like rush-hour 
freeways) and interview data on potential exposures (e.g., presence of 
cigarette smoke in the home), such activity surveys enable more accurate 
estimates of public exposure to pollutants to be made. 

The Air Resources Board (ARB) has been directed to carry out an 
effective research program in conjunction with its efforts to combat air 
pollution, pursuant to Health and Safety Code Sections 39700 through 
39705. As a part of this program, the Air Resources Board commissioned 
the present study, "Activity Pattern Survey of California Residents," 
through a contract with the Survey Research Center, University of 
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California, Berkeley. The general objective of this study was to obtain 

% 

statistically representative information regarding the time Californians 
spend in various locations and activities, especially those activities 
and locations that are likely to result in exposure to harmful air 
pollutants. More specifically the objectives of the staff in order of 
priority were as follows: 

1. To determine the proportionate amount of time per day 
spent by Californians aged 12 and older as a whole indoors, 
outdoors, and in transit. 

2. To determine the proportion of time spent in various 
indoor and outdoor locations (e.g., living room, workplace) 
and activities (e.g., working, cooking), by Californians in 
general, and by demographic and socioeconomic subgroups of 
Californians. 

3. To compare the major results obtained for objectives 1 
and 2 to comparable information for the entire U.S. 
population. 

4. To determine the time spent in various indoor and outdoor 
locations and activities by Californians in three major 
geographic regions of the state through representative 
sampling in each region. 

Such data are needed to provide more realistic and generalizable 
assessments of the health risks associated with specific pollutants. 

2. M.e t .h..Q.dal o .gy, 




Preliminary versions of the questions to be asked of survey 
respondents were drafted in consultation with ARB research staff. After 
an extensive series of pretest interviews, a final questionnaire was 
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agreed upon, which consisted of questions related to four categories: a) 
personal background of the respondent, including age, education, area of 
residence, household income, and presence of children in the household; 
b) description of the respondent's living quarters, work conditions, and 
smoking behavior; c) potential exposures in the previous day to 
gasoline, gas stoves and ovens, paint products, pesticides, scented room 
fresheners, and the like; d) a time-diary of activities, locations, and 
presence or absence of others smoking for the twenty-four hour period 
beginning "midnight yesterday" on the day before the interview. Time- 
diary questions were designed to be open-ended, with activities (as 
named by the respondent) recorded in chronological order, along with the 
time each activity ended, where the activity occurred, and whether or 
not smokers were present during the activity. The activities were later 
coded using the activity coding scheme given in Table 2.4. To 
facilitate data analysis for the purposes of this report, an aggregated 
coding scheme consisting of twenty-six activities was also developed as 
shown in Table 2.5. 

The target population for the general population survey of time- 
use was defined as all persons aged 12 and older living in households 
containing a telephone. The sample was generated using standard 
Waksberg random-digit dialing techniques with clustering. Prior to 
selection, all telephone exchanges in the state were grouped into three 
strata: Los Angeles and the south coast area ("South Coast Region), the 
San Francisco Bay Area ("S.F. Bay Area"), and the remainder of the state 
("Other Areas of State) . In order to spread the sampled households 
geographically throughout the state, the areas outside the Los Angeles 
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Basin were deliberately oversampled in the selection of clusters of 

ft 

telephone numbers. 

Interviewing was conducted over the period October, 1987 through 
September, 1988, with the number of interviews roughly balanced over the 
four seasons. Within each selected household, one adult 18 or over was 
selected at random to be interviewed. Part of the adult interview 
included an enumeration of youths aged 12 to 17 residing in the 
household. If an eligible youth was identified, permission was sought 
from the appropriate parent or guardian to conduct a shorter interview 
with the youth. Interviewers collected diary information from 
approximately 62% of randomly selected respondents in eligible 
households, obtaining completed interviews from 1762 individuals. The 
distribution of the sample by age (12-17, 18 and older) and season of 

interview (October through December, January-March, April-June, and 
July-September) is shown in Table 2.8. 

3. Major Findings 




Data from the California Activity Pattern Survey were used to make 
a variety of estimates of how residents of the state of California use 
time. Among these are estimates of the time Californians spend: 

a) At-^v. a xylng-lo. c ations: 

* Of the total of 1440 minutes per day, an average of 87% 

»• 

(1253 minutes per day) was spent in indoor locations, 5% in 
outdoor locations and 8% in travel. Of the average time 
spent indoors, more than two-thirds (893 minutes per day) 
was spent inside the respondent's home, with the bedroom 
(524 minutes) and living room (196 minutes) being the main 
rooms of the house where time was spent. Of the average 


O 

CTf 

00 

CO 

CO 




ocuments 


time spent indoors away from home, about one-third Of the 
time was spent at places of work and other people’s homes. 

* The mean time spent in outdoor locations (excluding in¬ 
transit) across the sample across the year was 73 minutes 
per day, which translates to about 1.2 hours per day or 8.5 
hours per week. This is about 5% of all time. 

* The average time spent outdoors per participant was 157 
minutes per day. For the population average, the outdoor 
location categories in which the greatest amount of time was 

i 

% 

spent (excluding in-transit locations) were "other outdoor" 
(33 minutes per day) and the yard of one’s home (27 minutes 
per day). For participants, the mean times spent in these 
outdoor locations were 146 and 99 minutes per day, 
respectively. 

* The mean time spent in travel was 111 minutes per day. 
Some 92% of the sample took at least one trip on the diary 
day and the mean time for those who did travel was 127 
minutes per day. About two-thirds of travel time was spent 
in automobiles (73 minutes per day, 99 minutes per day per 
participant) and another 16% by vans or small trucks. 

b) axying act iir.it. ie s : 

Of the 1440 minutes in the sampled day, an average of 504 
minutes (8.4 hours) was spent sleeping, 89 minutes eating, 
and 50 minutes engaging in personal care activities. The 
average time worked on the diary day for those who worked 
(46% of the sample) was 424 minutes per day (7.1 hours) . 
For those who did the activity, 87 minutes was spent doing 
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house cleaning, 118 minutes per day traveling and 66 minutes 

i 

per day shopping. The remaining time per participant in the 
average sampled day spent in leisure time and educational 
activities included 184 minutes for those who watch TV or 
listen to the radio or records, 115 minutes socializing, 104 
minutes reading or writing, and 237 minutes in educational 
activities. 



Findings for common activities which may involve use 
of, or proximity to, potential pollutant sources include the 
following: 

* Average time spent cooking was 38 minutes per day, with 
more than half of the sample (51%) engaging in some cooking 
or meal cleanup activity on the diary day. Average cooking 
time per participant, then, was 75 minutes, with one 
respondent reporting a high of 465 minutes spent cooking on 
the diary day. 

* Time spent doing house cleaning was a little higher (34 
minutes per day) than for cooking, and with a higher 
standard deviation around the mean (74 minutes vs. 58 for 
cooking). There was a lower participation rate (39%), 
however, so that time per participant for cleaning (87 
minutes) was much higher than for cooking. 

* Another activity with high potential for exposure due to 
high concentrations of tobacco smoke is drinking or 
socializing at bars and lounges. Only 4% of the sample 
reported such activity, but the time spent per participant 



was 101 minutes. 




Source: hllpsi'/www.indusIrydocuments.ucsf.edu/docs/hkbjOC 
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* The final question for each activity reported concerned 
the presence of others smoking during the activity. Based 
on weighted data from the nearly 37,000 activities that were 
reported in the diaries, the answer "yes” (other was 
smoking) was reported for 3404 activities or about 9% of 
them. The mean length of time per episode for those 3404 
activities with others smoking was 84 minutes. 

Based on weighted data, 62% of adults and adolescents were 
near others smoking during the diary day, and the average 
time such persons spent in activities with others smoking 

was 286 minutes. In addition, 22% of the adult sample said 
they had themselves smoked on the designated day, and 12% 
had smoked more than 10 cigarettes; cigar and pipe smoking 
on the sampled day was reported by less than 1% of the 
respondents. 

The following percentages of respondents used, or were near the 
potential sources of pollutants listed below on the diary day 



Soaps, detergents 

83% 

79% 

Gas stove/oven on 

39% 

50% 

Vehicle in attached garage 

37% 

na 

Personal care aerosols 

37% 

66% 

Scented room fresheners 

31% 

na 

Household cleaning agents 

27% 

25% 

Gas heat 

27% 

na 

Toilet deodorizers 

27% 

na 
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At auto repair/gas station/ 



parking garage 

26% 

33% 

Solvents 

12% 

12% 

Mothballs 

10% 

na 

Pumped or poured gasoline 

16% 

12% 

Pesticides (all locations) 

7% 

5% 

Glues or adhesives 

7% 

14% 

Pesticides indoors 

5% 

4% 

Water-based paints 

5% 

5% 

Oil-based paints 

5% 

5% 


na= not available 

This brief summary indicates the wide variety of estimates that 
can be generated from survey data on durations of activities and 
location in the daily lives of California residents. Tables 1 and 2, 
showing average minutes per day in each of 44 locations and 26 
activities, illustrate the level of specificity made possible by the 
time-diaries and suggest the variety of exposure estimates that might be 
constructed by linking the activity/location data with information about 
pollution sources. Such exposure rates can be estimated by region, 
season, socioeconomic status, and, subject to constraints of sample 
size, by any combination of variables included in the data set. Full 
and appropriate analysis of these data with the goal of estimating the 
most important kinds of public exposure to air pollutants, and their 
distribution within the California population, is an obvious first 
priority. 
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RECOMMENDATIONS 

4 

This project has developed a useful set of data which, when 
combined with other data, can be used to estimate the potential exposure 
of residents of the state of California to various sources of pollution. 
The methodology and data from this project can now be used in 
conjunction with other data, including data from personal exposure 
monitoring studies that have generated exposure levels for various 
microenvironments, to estimate potential exposure levels of the 
population across the state. 

In order to facilitate presentation of the main findings of the 
California Activity Pattern Survey, we have relied mainly on summary 
measures of the average time spent in each of many locations and 
activities, and we have confined our analysis of these measures to the 
study of their variations among major population subgroups. Additional 
analyses of the survey data should be conducted, with special attention 
to a) more refined indices of time use (including median time or 
percentages of the population above a certain criterion level) that are 
more directly associated with potential exposure to pollutants, b) 
additional significance tests for direct, well-defined hypotheses, and 
c) more complete multivariate descriptions of the variation in such 
indices by examining combinations of predictor variables. 

New indices of time use relevant to potential pollutant exposures 
can be created from the activity data file through aaareaat ions or 
disaggregations of various components of the diary reports. Because 
each report can be classified by activity type (100+ codes), location 
(44 codes), presence or absence of others smoking, duration, and time of 
day, there are literally thousands of possibilities for creating new 
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Recommendations 

variables. As a practical matter, it will be most useful to begin this 
process by identifying groups of activities and locations that are known 
to be associated with specific pollutants. Thus, for example, by 
comput-ing the aggregate time (over activities and locations) that 
nonsmokers spend in the presence of smokers, an index of potential 
exposure to others smoking can be generated for each non-smoking 
respondent. It should also be possible to construct similar aggregate 
indices for potential exposure to carbon monoxide, ozone, and so on. 
For certain purposes it may be important to construct indices which 

preserve greater detail. For example, in examining the potential for 

& 

exposure to pollutants associated with automobile travel, time-of-day 
may be as important as duration of travel. 

The development of a more ambitious set of multivariate analyses 
and computer models for use with this data set should also be very high 
on the priority list of next steps for analyzing the data in this 
project. Toward this goal, multiple regression analyses are especially 

recommended in isolating the most important predictor variables and 

* 

gauging their import once other factors are taken into account. For 
example, differences by region may well be greatly affected by age, 
education or employment status differences of people in that region. 

That is a step that has been designed to be done rather 
straightforwardly with the extensive computer tapes and files that have 





from this 




have the features both of 



user-friendly and of allowing extremely complex and subtle models of 
potential population exposure to be tested with the data. 

There are several other areas in which more generalizable data 
could be useful as well: 
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Larger sample sizes in pa-rticular geographical areas of 
interest (e.g., areas of high acid rain or with known nearby 
pollutant sources); 

Larger sample sizes for "at risk 11 populations, such as 
asthmatics or automobile mechanics; 

— Potential exposure to additional pollution sources; 

— Longer periods of reporting time than a single day, such as a 
week or a month. While it is difficult to maintain high response 
rates over these longer periods of time, some methods of time 
sampling could be developed to ease respondent burden — as was 
done in the 1975-81 University of Michigan study of Juster and 
Stafford (1985) , in which respondents were interviewed for up to 
eight separate days across a two-year period. 

— Longer periods of study design, such as every 5 or 10 years, in 
order to monitor changes in the public's activity patterns. While 
most time-use estimates remain fairly steady across time, national 
time-use data, for example, 'show significant changes in travel 
behavior between the 1965 and 1975 and again between 1975 and 
1985. 

Finally, there is need to conduct further methodological studies 
to enhance the validity and applicability of the data. Like earlier 
time-diary studies, this one achieved a ’’degree of resolution” of 
activity description that yielded 20-25 daily activities, or about 1.5 
activities per waking hour. It is not clear how much more valid or 
useful results would be obtained if a higher degree of resolution could 
be achieved. For example, in Robinson's (1985) validity study using the 

9 

’’random hour” technique, respondents described two to three times as 
many activities during a randomly-chosen hour during the day than what 
they had previously described for that hour in their 24-hour diaries. 
However, the overall average times in each activity with this higher 
degree of resolution was little different from that obtained with the 
full 24-hour diary. It appeared as if those people who reported too 
much of an activity (e.g., housework) in the diary vis-a-vis the random 
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hour were offset; by other people who reported too little housework in 

* 

the diary. 

That general result should be retested for specific activities of 
paramount interest to environmental researchers. Due to lack of probing 
and/or respondent cooperation, for example, the degree of time 
resolution (The shortest time period reported for any activity) achieved 
for some of the diaries was not as great as for others. Therefore, 
detailed information was not always obtained for brief or infrequent 
activities, e.g., short travel episodes. Thus, time spent in outdoor 
locations could be significantly underrepresented by these and similar 
omissions in the diary with its current degree of resolution. At the 
same time, underreported times in outdoor locations could be offset by 
some corresponding upward reporting bias in relation to some indoor 
activity. A very carefully designed and precisely executed validity 
study would be needed to determine the extent of such biases, or 
offsetting biases. 

There is, of course, the matter of the many pollution sources that 
could not be examined in the present study or examined only briefly. 
Questions regarding them would have to be very detailed and specific. 
One could easily imagine an entire survey, for example, to deal with 
exposure to particulate pollutants, volatile pollutants, or their major 
sources. In addition, diary studies can be conducted in close 
conjunction with studies using personal exposure monitors in a way that 
one can directly relate exposure to specific activities. The approach 
developed in this project can and should be easily adapted to such 
purposes, and our data can be used to greatly inform the overall study 
design and sharpen the research hypotheses of such efforts. 
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CHAPTER I. PURPOSE, BACKGROUND , AND SYNOPSIS OF RESEARCH 

DESIGN 

1 . Purpose .of ....the Study 

.Public exposure to environmental pc_lutants has been assessed in 
several ways. These include the placement of air monitoring equipment 
at specific locations and attachment of such devices to individuals so 
that personal exposure through the daily round of activities can be 
measured. The latter method more realistically simulates the intake of 
pollutants by individuals than the former, but such studies are very 
expensive to conduct, are limited in the number of air pollutants that 
can be monitored, and are likely to encounter problems in eliciting 
participation from representative samples of individuals. Moreover, 
participants in such studies may engage in atypical daily behavior 
because of the presence of the monitoring equipment. For that reason, 
more cost-effective alternatives to the problem of estimating public 
exposure have been sought.. 

By combining innovations in questionnaire design, such as time- 
diaries and time-budgets, with computer-assisted interviewing, it has 
been possible to produce reliable profiles of location/activity patterns 
for representative samples of the American public. When linked with 
information on air quality by location from other studies (e.g., air 
quality data from specific times and locations like rush-hour freeways) 
and interview data on personal exposures (e.g., presence of cigarette 
smoke in the home) , such activity surveys enable a more accurate 
estimate of potential public exposure to pollutants to be made. 
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The Air Resources Board (ARB) has been directed to carry out an 

% 

effective research program in conjunction with its efforts to combat air 
pollution, pursuant to Health and Safety Code Sections 39700 through 
39705. As a part of this program, the Air Resources Board commissioned 
the present study, "Activity Pattern Survey of California Residents," 
through a contract with the Survey Research Center, University of 
California, Berkeley. The general objective of this study was to obtain 
statistically representative information regarding the time Californians 
spend in various locations and activities, especially those activities 
and locations which are likely to result in exposure to harmful air 
pollutants. More specifically the objectives of the study in order of 
priority were as follows: 

1. To determine the proportionate amount of time per day 
spent by Californians aged 12 and older as a whole indoors, 
outdoors, and in transit. 

2. To determine the proportion of time spent in various 
indoor and outdoor locations (e.g., living room, workplace) 
and activities (e.g., traveling, cooking) by Californians in 
general, and by demographic and socioeconomic subgroups of 
Californians. 

3. To compare the major results obtained for objectives 1 
and 2 to comparable information for the entire U.S. 
population. 

4. To determine the time spent in various indoor and outdoor 
locations and activities by Californians in three major 
geographic regions of the state through representative 
sampling in each region. 

2 
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Chapter I. Purpose, Background, and Synopsis of Research Design 


Such data are needed to provide more realistic and generaldzable 

assessments of the health risks associated with specific pollutants. 

2. The Precedent for and Validity of Time Diary Surveys 

The California Activity Pattern Survey implements a relatively new 
methodology for studying the distribution of activities and locations 
which may expose individuals to harmful pollutants. However, the core 
element of this methodology - the collection of time-diary information 
in the context of probability-based surveys - has been employed in 
several earlier surveys conducted for other reasons. In what follows, 
we provide a brief review of these surveys along with a discussion of 
what is known about the validity of the time-diary information collected 
from the survey participants. 

Prior to the California study, five national time-diary studies 
had been conducted using this general approach. These five studies and 
the organizations involved are as follows: 

Mutual Broadcasting Corporation (1954) study, in which more than 8,000 

American adults 15-59 kept time diaries for a two-day period (more 
exact details are given in De Grazia, 1962). 

Survey.Research Center, University of Michigan (1965) study, in which 

1,244 adult respondents aged 18-64 kept a single-day diary of 
activities, mainly in the Fall of the year; respondents living in 
rural areas and non-employed heads of households were excluded 
(Robinson, 1977) . 

Surye y _Eas.g-3.r.ch Cente r, . U niversity..of ..Michigan (1975) study, in which 

1519 adult respondents aged 18 and over kept diaries for a single 
day in the Fall of that year (Robinson, 197 6); in addition, 
diaries were obtained from 788 spouses of these designated 
respondents. These respondents became part of a panel who were 
subsequently reinterviewed by telephone in the Winter, Spring and 
Summer months of 1976; about 1500 respondents remained in this 
four wave panel. Some 677 of these respondents were reinterviewed 
in 1981, again across all four seasons of the year (Juster and 
Stafford. 1985) . 
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Purpose, Background, and Synopsis of Research design 


Survey Research Center, University of Maryland (1985) study, in which 

single-day diaries were collected from more than 5000 respondents 
aged 12 and over across the entire calendar year of 1985. • Three 
modes of diary collection were used for comparison: personal, 
mailback and telephone, with little difference in obtained 
estimates (Robinson and Holland 1988). 

Survey Research Center, University of Maryland (1987) study, which by 

intent was designed specifically to be compatible with 1965, 1975 
and 1985 studies and thus to continue these earlier efforts to 
measure trends in time use across the last 30 years. The 1987 
study made the full transition to the telephone mode of 
interviewing, which is less expensive and generally produces 
equivalent results to the other ways of collecting diary data. 
Some 500 respondents were interviewed. 


Time diary estimates thus far have been found to produce rather 
reliable and replicable results at the aggregate level. For example, 

* Robinson (1977) found a .95 correlation between time use patterns 
found in the 1965-66 national time diaries (n=1244) and the 
aggregate figures for the single site of Jackson, Michigan 
(n=788). Similar levels of correspondence were found for other 
countries in the multinational time-use study (Szalai et al., 
1972) in which two separate sites per country were examined. 

* Similar high correspondence was found for the American data and 
for time-diary data from Canada, both in 1971 and in 1982 (Harvey 
and Elliot 1983) . 

* A correlation of .85 was found between time expenditure patterns 

found in the U.S.-Jackson time study using the "day after" 
approach and time expenditure for a random tenth of the samples 
who also filled out a "day before" diary. In a smaller 
replication study in Jackson in 1973, an aggregate correlation of 
.88 was obtained. Similar high correspondence was found in the 
other countries in the multinational study (Szalai et al., 1972). 

Several studies bear more directly on the validity of the time 
diary, in the sense of there being an independent source or quasi¬ 
observer of reported behavior. The first of these studies did not 



i 



involve the time diary directly, but rather the conclusion from the time 
diaries that standard television rating service figures on TV time 
expenditure provided high estimates of viewing behavior. In this small 
scale study (Bechtel, Achepohl and Akers, 1972), the TV viewing behavior 
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Chapter I. 

of a sample of 20 households was monitored over a week's time by means 
of a video camera; the camera was mounted on top of that set; thus the 
video camera/microphone recorded all behavior in front of the TV screen. 

The results of this study, as in the earlier camera monitoring of 
TV audiences by Allen (1968), verified that both rating-service methods 
of TV exposure (the audimeters and the viewing diaries) produced 
estimates of viewing that were 20 to 50 percent higher than primary or 
secondary activities reported in full. 

Three more general validity studies subsequent to Bechtel et al. 
provided further evidence bearing on the validity of time diary data. 
These examined the full range of activities and not just television 
viewing and employed larger and more representative samples. In the 
first study (Robinson 1985), a 1973 random sample of 60 residents of Ann 
Arbor and Jackson, Michigan kept beepers for a one-day period and 
reported their activity whenever the beeper was activated (some 30 to 40 
times across the day) ; the correlation of activity durations from the 
beeper and from the diaries was 0.81 for the Ann Arbor sample and 0.68 
for the Jackson sample (across the non-sleep periods of the day). A 
second study, which involved a national telephone sample of 249 
respondents (Robinson 1985), found an overall correlation of 0.81 
between activities reported in "random hours" and in time diary entries 
for those same random hours. 

In a more recent study, Juster (1985) found the "with whom" 
reports in the 1975-76 diaries of respondents agreed with those of their 
spouses in more than 80% of the diary entries. In a separate analysis 
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Purpose, 


of these 1975 data. Hill (1985) found a 0.93 correlation between time 

% 

spent on various home energy-related activities and aggregate time-of- 
day patterns of energy use derived from utility meters. 

3 . Synopsis of the ■Research -Design..Used for the California-Activitv. 

Eattexn Su rve y 



Time-use data collection procedures were applied to a probability 
cross-section sample of 1762 California residents aged 12 and over to 
provide detailed, generalizable data on: 

* Time spent in various locations, with special attention given to 
time spent outdoors and in transit -- as well as specific locations like 
living rooms or kitchens in the home, or in automobiles or buses. 

* Time spent in various activities, initially broken down into about 
100 discrete types of activities, such as cooking or playing sports. 

* Time spent on one or more associated facets of daily activities that 
have implications for air pollution exposure (e.g., presence of smokers, 
cooking equipment, use of solvents, etc.). 


The basic features of the research design are summarized below: 

* We selected a strict random probability sample of California 
households with telephones sufficient to obtain diary data 
from 1762 individuals aged 12 and older selected randomly. 
The sample was stratified by region to increase sample 
representativeness and precision in rural areas. 

* Interviews were conducted over four study periods by season: 
October-December, January-February, March-April, and July- 
September. 

* Eligible respondents in the selected households were chosen 
strictly at random, and not by convenience or willingness to 
participate (two factors that could introduce serious biases 
into the sample for activity estimation purposes) . 

* Interviewers conducted diary interviews with respondents in 
an estimated 62% of eligible households, with at least 10 
call-backs made to each non-responding household at diverse 
times of the day or week. Business and other non-residential 
telephone numbers were identified and excluded from this 
random-digit-dial sample. 

* Interviewers were extensively trained to use established 
telephone diary methods from past national studies to help 
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respondents report on their daily activities for the previous 
day. These diaries included information on primary 
activities, location, and presence of smokers. 

* These diary data were coded, checked and edited to ensure 
that a full 24 hours of activity were represented. Editing 
procedures utilized the unique capabilities of the University 
of California at Berkeley CATI system, with its extensive 
network of cross-checks and recoding features for complicated 
data sets. The raw variable-field diary data were retabulated 
into fixed-field format to allow straightforward analysis by 
statistical programs such as SPSS or SAS . 


These fixed-field diary data were merged with that 
individual's demographic and geographic background data (sex, 
age, income, occupation, household structure, zip code) 
including two of the major predictors of time use, namely, 
employment status and education (Robinson, 1977). 
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1. Introduction 

The purpose of this chapter is to provide a concise account of the 
procedures that were used to conduct the 1987-88 California Activity 
Pattern Survey. This account is divided into six sections. Sections 2- 
4 discuss the sampling design and execution, the design of the 
questionnaire portion of the interview and its implementation under the 
CATI (i.e., Computer-Assisted Telephone Interviewing) system, and the 
training and supervision of the interviewers. The section on sampling 
is an abbreviated version of "Sampling Methods for the 1987-88 
California Activity Pattern Survey" (May, 1989) by Dr. Thomas Piazza and 
Ms. Yu-Teh Cheng. The reader is referred to that document (attached as 
Appendix D) for a more complete description of the sampling methodology. 

The California Activity Pattern Survey is, to our knowledge, the 
first attempt to collect information about the daily activities of a 
probability sample of Californians using a computer-assisted, 
interviewer-administered diary of daily activities. Section 5 of this 
chapter describes this procedure in some detail, and includes a 
discussion of how the diary questions were asked and how the responses 
were recorded under the CATI system. Because the format of the diary 
portion of the interview is open-ended, the construction of a coding 
scheme for categorizing the recorded responses is a crucial part of the 
survey methodology. The coding scheme and the collapsed codes used to 
generate data for this report are also discussed in Section 5. 

Finally, section 6 summarizes the "field outcomes" of the survey 
operation, including the distribution of the sample over season of 

8 


v%v.industrydocumenls.ucsf.edu/docs.^hkb)0000 


2057825950 


Chapter II. 


interview, the overall response rates obtained, and the extent to which 

► 

the sample can be said to "represent" the target population-i.e., 

non-institutionalized English-speaking California residents aged 12 and 

over - at the time the survey was conducted. 

2. Sample_Design 

The sample is a clustered random-digit telephone sample of all 
households in California with a telephone. The sample was generated 
using procedures described by J. Waksberg ("Sampling Methods for Random 
Digit Dialing," Journal of the American Statistical Assoclatlon r vol. 
73, March 1978, pp. 40-46) . Households with no telephone, of course, 

are excluded. Households with no English-speaking adults were also 
excluded by design, in order to avoid the cost of translating the 
questionnaire and hiring bilingual or multilingual interviewers. 

Prior to selection, all of the telephone exchanges in the state 
were grouped into three strata: Los Angeles and the South Coast ("South 
Coast Region") , the San Francisco Bay Area, and the rest of the state 
("Other Areas of State") . When clusters of telephone numbers were 
selected for the study, the sampling fraction was doubled for the Bay 
Area, in comparison with Los Angeles and the South Coast; the sampling 
fraction was doubled again for the rest of the state. This oversampling 
was carried out in order to spread the selected households more widely 
over a variety of climatic zones and geographic areas. 

Within each selected household, one adult aged 18 or over was 
selected at random to be interviewed. Part of the adult interview 
included an enumeration of youths aged 12 through 17 residing in the 
household. (Younger children were excluded for budgetary reasons and 
because we anticipated that modifications would have to be made in the 
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methods of collecting time diary data for younger children. A survey of 
such children is currently underway.) If a youth aged 12 to 17 resided 
in the household, permission was sought from the appropriate parent or 
guardian to administer a shortened version of the interview to the 
child. If more than one youth in that age range resided in the 
household, one youth, referred to as the "youth respondent," was 
selected at random to be interviewed. 

One objective of this study was to obtain information from 
households in a wide variety of geographic areas. Since most of the 
California population is clustered in a few metropolitan areas, an 
unrestricted random sample would result in the completion of very few 
interviews in other more sparsely populated, but geographically diverse, 
areas of the state. A stratification of all the telephone exchanges in 
the state was carried out, therefore, in order to provide a means of 
oversampling the non-metropolitan areas and of distributing the sample 
over as many regional areas as possible. Three sample strata were used: 
the South Coast area, comprising the Los Angeles air basin and San Diego 
County; the San Francisco Bay Area air basin; and all remaining 
California prefixes (i.e., those prefixes for areas outside the South 
Coast or San Francisco Bay Area) . More detailed information about 
sample stratification is given in Appendix D. 

Within each of the three major strata we selected a certain 
proportion of possible telephone numbers by systematic random sampling - 
- that is, by setting a selection interval, taking a random start, and 
then selecting every nth number. The proportion of telephone numbers 
selected from each major stratum is shown in Table 2.1. In the South 
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Coast stratum, for example, we selected 194 out of 1532 prefixes (each 

% 

of which has 10,000 possible telephone numbers), or 0.127 of the 
prefixes. The proportion selected was doubled for the San Francisco Bay 
Area, and doubled again for the rest of the state. Without such 
disproportionate selection, the sample would have been clustered 
primarily in a few large urban areas. 

After the primary telephone numbers were selected, each was called 
and administered a short screening interview to determine if the number 
was a residence. If it was not, that cluster was dropped from the 
sample. If, on the other hand, the number was a residence, additional 
telephone numbers within that cluster were generated for the main study. 
Of the 936 original telephone numbers, 252 were determined to be 
residences and formed the clusters for our sample. 

The telephone numbers within each cluster were generated by 
varying at random the last two digits of the primary number. For 
example, if the primary number for a cluster was (415) 642-6578, 

additional telephone numbers within the cluster were generated by 
replacing the ”78with one of the 99 other two-digit possibilities. 

Under the clustered sampling procedure, a set of telephone numbers 
is prepared for interviewing from each cluster. If a telephone number 

turns out to be non-res idential, it is replaced. Consequently, the 

\ 

total number of residences in each cluster remains fixed. The 
probability of selecting a household is constant across clusters (within 
major strata), provided that the same number of residential telephone 
numbers has been set up for interviewing. For this study, most clusters 
had 11 residential numbers, although a few clusters had a different 


n 


number. 
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Table 2.1 

SELECTION OF PRIMARY CLUSTERS 


Major 



No . 

Prefixes 

Selections 

Fraction 

Prefixes 

Stratum 





South Coast 

Region 

1532 

194 

.127 

S.F. Bay Area 

759 

192 

.253 

Other Areas 

of State 

1085 

« 

550 

•> 

.507 



3376 

936 

.277 
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Because the sample design involved stratification, clustering, and 

h 

unequal distribution of interviews over season and day of the week, the 
sample data may need to be weighted in various ways in order to produce 
unbiased estimates of population char - cteristics. Such weights have 
been computed to adjust for unequal probabilities of selection (by 
strata and for households of different size) and to balance results by 
season and day of the week. The weights are defined and discussed fully 
in Appendix D and given in specified locations on the data file. 

3. The Questionnaire 

The questionnaire was designed to be in four basic sections. The 
first introductory part collected basic data on the respondent's living 
quarters, work conditions and smoking behavior. The second part 
consisted of the time diary for the previous day. The third part 
examined activities and locations for the previous day related to 
potential exposures from gasoline engines, stoves, paint products, 
pesticides, room fresheners and the like. The fourth and concluding 
part concerned background of the respondent — age, education, area of 
the state, household income and presence of children. Children aged 12- 
17 responded to the same questions as the adults, with the exception of 

the general household questions which had already been answered by an 

% 

adult. 

One special feature of these questions was that they were asked 
using the state-of-the-art CATI technology developed at the University 
of California at Berkeley. That technology a) allows one question on 
the interviewer's "screen” at a time; b) permits automatic "branching” 
responses so that, for example, follow-up questions are only asked of 
respondents who said they had experienced some form of potential 
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exposure; c) eliminates any closed-ended responses that are not pre- 
coded as eligible codes; and d) allows automatic coding onto a computer 
tape, thus reducing the need for human coding (with its multiple 
possible sources of error). 

The branching features of the UC Berkeley CATI system were 
particularly useful given the large number of "skip patterns" for 
respondents who did not work, smoke or have children in their 
households. These can be seen in the instructions after various 
questions in the questionnaire shown in Appendix B. 

A schematic diagram illustrating the flow of the adult and 
adolescent interviews is shown in Figure 2.1. The top of the figure 
shows the "front end" of introductory information to identify the 
respondent, followed by the pre-diary questions on occupation and 
smoking behavior, the diary and the post-diary data on other pollutants 
and finally respondent demographics. The bottom part of the diagram 
shows this similar flow of questions if there was an adolescent in the 
household. 


Of particular importance for the present study were the specific 


ancillary questions related to activities which could potentially result 


in pollutant exposure and which may not have been covered in the diary. 


Respondents may not have thought of these activities in describing their 


previous day, or may have given priority to some other aspect of the 


• • 


activity. 


After completing the diary, respondents were asked whether 


they spent time at a gas station, parking gara 



or auto repair shop, 


whether they pumped gasoline, cooked with gas, etc., and other similar 


questions. 


All together, activities related to almost 20 different 


potential pollution sources were probed (see Figure 2.2 sequence) 



Source: htlps^/wv/w.induslrydocumenls.ucsl.edu/docs/hkbj0000 
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(selected respondent ready to begin) 

_I_ 

(Pre-diary) 

"Adult Substantive Questions" 
House and type of garage; 
occupational information; 
respondent's smoking yesterday 

_I_ 

J Adult Time Use Diary 

_I_ 

(Post-diary) 

Use of or proximity to 
pollutant sources, 
demographics (including 
youths in household) 



(No youths) (Youth (s) in household) 


adult 

| 

| 

Youth Enumeration ] 

interview 


and 

completed 

. 1 

Parental Consent 


(youth R ready to begin) 


(Pre-diary) 

"Youth Substantive Qs" 
Occupational, student; 
Smoking yesterday 

[ " 
Youth Time 

Use Diary 

~ \ 

(Post-diary) 

Use of or proximity to 
sources, demographics 

i 


youth 

interview 

completed 
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These follow-up questions, then, added much more specific and complete 
information to the data set regarding activities and locations of the 
sample population which are most often associated with pollutant 
exposures . 

These questions were developed with the aid of the Scientific 
Advisory Panel that reviewed the proposed instruments and provided 
comments on their completeness and accuracy — as well as their ability 
to achieve the scientific goals set for the project. This Advisory 
Panel was comprised of leading national experts in the air pollution 
field. They are identified in Appendix C. 

4 . Interviewer Training and Supervision 

Prior to the briefing session concerned with procedures specific 
to the California Activity Pattern Survey (CAPS) , all interviewers 
completed a training session in basic interviewing techniques and 
training in the use of CATI. As is true for all SRC studies, a manual 
for interviewers working on the CAPS study was prepared. This manual 
included a description of the background and purpose of the study, 
instructions on how to obtain information in diary format, detailed 
instructions on how to handle each question in the interview, and 
instructions on how to handle common problems or ambiguities that could 
arise in the interview. Prior to the briefing session, interviewers 
were required to study this manual. The briefing for the study took 
place over two days and involved some discussion of the objectives of 
the study and considerable time conducting practice interviews in the 
group session. These practice interviews are used to instruct 
interviewers in procedures for handling specific questions as well as 
difficulties that might arise. Once SRC supervisory staff were 
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EXPOSURE QUESTIONS BEFORE DIARY 

Does your job involve working on a regular basis, that is, 
once a week or more often, with: 





>wp2< 

>wp3< 

>wp4< 

>wp5< 

>wp6< 

>smok< 


Gas stoves or ovens? 

Open flames? 

Solvents or chemicals? 

Dust or particles of any sort? 

Gasoline or diesel-powered vehicles or work equipment? 
Other air pollutants? 

Did you smoke any cigarettes yesterday—even one? 

(If yes) Roughly, how many cigarettes did you smoke 
yesterday? 


>smoke< (CODE OR ASK AS NEEDED) 

Did you smoke any cigars or pipe tobacco yesterday? 

(If yes) Roughly how many cigars or pipes of tobacco did 
you smoke yesterday? 


EXPOSURE QUESTIONS AFTER DIARY 


>pgys< 


>pgas< 



Just to be sure we didn't miss any important information, I 
have some additional questions about yesterday's activities. 
Did you spend ANY time yesterday at a gas station or in a 
parking garage or auto repair shop? 



(If yes) About how long in all yesterday did you spend in 
those places? 

Did you pump or pour any gasoline (yesterday) ? 


Did you spend any part of yesterday in a room where a gas 
range or oven was turned on? 


Were you around more than one gas range or oven yesterday, 
or only one? 


Was the gas range or oven you were around for the longest 
time yesterday being used for cooking, for heating the room, 
or for some other purpose? 


>mstm< 


Roughly how many minutes or hours IN ALL were you in rooms 
where gas ranges or ovens were turned on (yesterday)? 
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FIGURE 2.2 (Continued) 






>opnl< 


>opn2< 



Does the oven or range that you were around the longest have 
a gas pilot light or pilotless ignition? 

t 

Was the gas range or oven being used for cooking, for 
heating the room, or for some other purpose? 

What kind of heat was it —gas, electricity, oil, or what? 
(IF COMBINATION; Which kind did you use most? 

What type of heater was turned on for the longest amount of 
time? Was it a wall furnace, a floor furnace, forced air, 
radiator, space heater, or something else? 

Were any doors or windows in your home open for more than a 
minute or two at a time yesterday? 

For about how long during the day, that is, from 6 a.m. to 6 
p.m., (were they/was it) open? 

For about how long during evening or night hours, that is, 
from 6 p.m. to 6 a.m., (were they/was it) open? 

Did you use any kind of fan in your home yesterday? 

Was that a ceiling fan, window fan, portable room fan, or 
something else? 

(Other than the fan you just mentioned) Did you use any kind 
of air cooling system in hour home yesterday, such as an air 
conditioner? 

What type is it? 


<1> Evaporative cooler (swamp cooler) 

<5> Refrigeration type (air conditioner) 

<7> Other (SPECIFY) 

>glue< Did you use or were you around anyone while they were using 

any of the following yesterday: 

Any glues or liquid or spray adhesives? 

(NOT INCLUDING ADHESIVE TAPE) 

>pntl< (Did you use or were you around anyone while they were 

using:) 

Any oil-based paint products (yesterday)? 

<1> Yes 

<5> No 


Continued 
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>pnt2< Any water-based paint products (yesterday)? 

(ALSO KNOWN AS "LATEX PAINT") 

>solv<“ Any solvents (yesterday)? 

>pest< Any pesticides (yesterday) such as bug strips or bug sprays? 

>pst2< When you were around pesticides yesterday, were you mostly 

indoors or outdoors? 




>Ocln< 


>moth< 






Any soaps or detergents (yesterday)? 

Any other household cleaning agents such as Ajax or ammonia 
(yesterday)? 

Did you take a hot shower yesterday? 

Did you take a hot bath or use an indoor hot tub yesterday? 

Are you currently using any of the following in your home: 

Any mothballs, moth crystals, or cakes? 

Any toilet bowl deodorizers? 

Any SCENTED room fresheners? 
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satisfied that interviewers understood study procedures, interviewers 
began interviewing. During the early phases of data collection, 

supervisors closely monitored interviewer performance by listening in on 
their conversations with respondents. These early interviews were 
carefully reviewed with each interviewer, with the supervisor pointing 
out those areas where interviewer performance could be improved. 
Throughout data collection, approximately fifty percent of the 
interviews were monitored by supervisory staff. Weekly reviews were 
conducted with each interviewer to insure that proper procedures were 
followed. Diaries with fewer than ten or fifteen activities were 
discussed with interviewers to make sure that adequate probing had 
occurred. 


5. Diary Procedur es and Coding ... 

a. The Daily Diary 

In contrast to most surveys which examine people*s activities in 
isolation from the natural temporal context in which they are embedded 
(e.g., by asking people to compress their actual behavioral experiences 
by saying whether they "often" or ’’usually" do something) , time-diary 
activity accounts report activities as they naturally and sequentially 
occur in daily life. Studies of time use provide us the opportunity, 
then, to study human activities in "real time” -- as individuals are 
actually involved in the stream of daily behavior. 

Time diaries can be seen as a prime example of the "micro- 
behavioral” approach to survey research. This micro-behavioral approach 
recognizes the limited ability of respondents to report very complex 
behavior in a survey context. Thus, most survey questions are limited 
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to the most elementary experiences about which respondents can 

♦ 

accurately report. The micro-behavioral approach also provides 
researchers with a more basic and flexible data base from which to draw 
conclusions about human activity. 

The time diary is a micro-behavioral technique for collecting 
self-reports of an individual's daily behavior in an open-ended fashion 
on an activity-by-activity basis. Individual respondents reported such 
activity accounts for a short, manageable period, namely the full 24 
hours of a single day. In that way, the technique capitalized on the 
most attractive measurement properities of the time variable; namely, 
completeness, equal distribution and understandability. Thus, 

a. all daily activity is potentially recorded (including that 
which occurs in early morning hours when most "normal" people 
may be asleep); 

b. all 1440 minutes of the day are equally distributed across 
respondents (thus allowing certain "trade-offs" between 

activities to be examined); and 

c. respondents are allowed to use a time frame and accounting 
variable that is maximally understandable to them and 
accessible to memory. 

The open-ended nature of activity reporting means these activity reports 
were automatically geared to detecting new and unanticipated activities, 
(e.g., aerobic exercises, use of new communications technologies), as 
well as capturing the context of how daily life is experienced. 

In the retrospective diary used in the California study, 
respondents reported each activity they engaged in, and in addition, 
where they were, and whether others smoking were present during the 
activity. Each respondent was first asked to report the activity in 
which they were engaged at midnight on the preceding day. They were 
asked "Where were you when you were doing (ACTIVITY)?", and then asked, 
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"Were you around anyone who was smoking a cigarette, cigar or pipe?". 
The final question for that activity was, "What time did you finish 
(ACTIVITY)?". The next question, "What did you do next?", introduced 
the same series of questions for subsequent activities until reaching 
an activity that lasted until midnight of the following day. 

Considerable research effort was invested in obtaining a very 
detailed account of activities during the day — one that includes all 
the important changes that occur during the day. Through prompts and 
probing, the interviewer attempted to ensure that each respondent’s 
report was complete and accurate. The restricted sequential approach of 

P 

the diary reminded respondents of the need for detail and consistency in 
activity reporting. The diary task instead is one in which respondents 
have minimal opportunity to give superficial or distorted responses, or 
responses that they perceive will somehow "please" the interviewer. 
With at least 20 to 30 activities to recall and report on for a 
particular day, the respondent’s attention is kept very focused. 

b. Utility of CATI-Based Diaries 

The value of having the diary on CATI was evident in several ways. 
First, the interviewer could concentrate on only one facet of reporting 
at a time, either the main activity, the location, the times began and 
ended, or the presence of smokers. Second, the open-end features of 
CATI made it possible for the interviewer to transcribe the respondent’s 
descriptions of each activity directly into the computer (a feature that 
was particularly important for subsequent coding as noted below). 
Third, most locations were pre-coded, depending on whether the activity 
was done at home, away from home, or in transit (using the detailed 
breakout of locations in Table 2.2); note that an open-end set of 
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"other” categories were also included to handle responses that did not 

¥ 

fit into the categories. Fourth, the smoker present-or-absent question 
was also pre-coded for easy recording. 

The CATI program also made it relatively easy for respondents who 

had forgotten an activity to "jump back" and have that activity inserted 

in its proper place in the flow of the diary. The same was true for the 

"wrap-up" question at the end of the diary -- which directly asked 

respondents if there were any activities that they had forgotten to 

report ("Thinking back over the 24 hour period we've just been talking 

about, is there anything else that happened within, before or after that 

period?"). Several additional activities were also generated by the 

"two-hour" rule in the CATI instructions: if respondents listed an 

activity that lasted more than two hours, the CATI program automatically 

brought the question onto the screen, "You've said that (activity) 

lasted quite a while. Is there anything else that you might have been 

doing during this time that we've overlooked?". Similarly, in order to 

include all work activities that may have involved travel, respondents 

who reported work at any time during the diary day were asked. 

While you were working, if you went away from your main place of 
work or main job site, either for job-related reasons, for personal 
business, or for lunch, breaks, or any personal errands, please 
report these activities separately. All of time you spent in any 
one location while at work can be reported as one activity. 




All of these probes, then, served to ensure that respondents gave rather 
detailed accounts of their day's activities. In addition, interviewers 
were given special instruction to be sure that every change of location 
in the respondent’s diary meant that there had to be some trip that 
preceded it. They were also alerted to separate trips to a dry cleaners 
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TABLE 2.2: CARB STUDY LOCATION CODES 


A. Where in your house were you? 

<1> Kitchen 

<2> Living rm, family rm, den 
<3> Dining Room 
<4> Bathroom 
<5> Bedroom 


<6> Study/office 
<x> Other (SPECIFY) 

B. Where were vou? (if not home)? 


<7> Garage 
<8> Basement 
<9> Utility/Laundry rm 
<10> Pool, Spa (outside) 
<11> Yard, Patio, other 

outside house 
<12> moving from room to 

room in the house 


< 21 > 


<2 4> 
<25> 
<2 6 > 
<27> 
<2 8 > 
<2 9> 
<3 0> 
<31> 


<3 4> 
<35> 
<3 6> 
<37> 
<38> 
<3 9> 
<40> 


Office building, bank, post office 
Industrial plant, factory 

Grocery store (convenience store to supermarket) 

Shopping mall or (non-grocery) store 
School 

Public bldg. (Library, museum, theater) 

Hospital, health care facility, or Dr.'s office 

Restaurant 

Bar, nightclub 

Church 

Indoor gym, sports or health club 
Other people's home 

Auto repair shop, indoor parking garage, gas station 
Park, playground, sports stadium (outdoor) 

Hotel, motel 
Dry cleaners 

Beauty parlor; barber shop; hairdressers 

At work: no specific main location; moving among locations 
Other indoors (SPECIFY) 

Other outdoors (SPECIFY) 


C. How were vou traveling? Were 

or something else? 

<51> Car 

<52> Pick-up truck or van 
<53> Walking 

<54> Bus/train/ride stop 
<55> Bus 

<61> Other (SPECIFY) 


vou in a car, walking, in a truck. 


<5 6> 

Train/rapid 

transit 

<57> 

Other truck 


<58> 

Airplane 


<5 9> 

Bicycle 


<60> 

Motorcycle, 

scooter 
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from other shopping and errands, to separate unloading groceries from 

* 

meal preparation, to separate playing sports from watching sports, and 
to separate walking for exercise from walking to some destination. Of 
particular importance was the instruction to describe an activity for 
each episode rather than a simple location, for example, "praying” 
rather than "went to church" or "dancing (drinking)" rather than being 



"at a bar". 


c. Diary Coding Procedures 

In order to introduce the diary coding procedure, we refer the 
reader to Table 2.3, which gives a specimen time diary selected from the 
survey data file. Activities are shown in column 6 in the order in 
which they occurred as described verbatim by the respondent. The 
duration of each named activity in minutes is given in column 3 and may 
be calculated from the beginning and ending times in columns 1 and 2. 
The location code for each activity is given in column 4 . Column 5 
shows that a smoker was present only once during the entire 24 hour 
period. Finally, the activity codes assigned to each entry in column 6 
are given in column 7. 

The system for assigning activity codes to the verbatim responses 
in column 6 was adapted from that used in the 1965 Multinational Time 
Budget Research Project (as described in Szalai, et al, 1972). As such, 
it is relatively compatible with the coding systems used in the 1965, 
1975, 1985, and 1987 national time-use surveys. In order to identify 
distinct activities of special interest to environmental researchers 
which would otherwise be grouped into larger aggregates, we sometimes 
modified the basic two-digit code by adding a third digit. For example, 
code 16 ("Household work - other repairs") was expanded by adding a 
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Time Began 

a) 


0:00 {12 midnight) 

5:45 AM 
6:00 AM 
6:05 AM 
6:10 AM 
6:20 AM 
7:00 AM 
7:10 AM 
7:15 AM 
7:35 AM 
7:45 AM 
8:10 AM 
8:15 AM 
8:16 AM 
8:35 AM 
8:45 PM 
13:00 PM 
13:10 PM 
13:40 PM 
13:50 PM 
14:10 PM 
16:45 PM 
16:55 PM 
17:00 PM 
17:35 PM 
17:40 PM 
20:00 PM 
20:10 PM 
22:00 PM 
22:10 PM 
22:20 PM 




TABLE 2.3: SPECIMEN TIME DIARY 





Others 

Time Ended 

Duration 

Location 

Smoking 


in minutes 

Code 

Present 

(2) 

(3) 

(4) 

(5) 


Activity , Assigned 

Activity Code 

(6) (7) 


5:45 

AM 

345 

5 

No 

6:00 

AM 

15 

5 

No 

6:05 

AM 

5 

4 

No 

6:10 

AM 

5 

11 

No 

6:20 

AM 

10 

59 

No 

7:00 

AM 

40 

31 

No 

7:10 

AM 

10 

59 

No 

7:15 

AM 

5 

11 

No 

7:35 

AM 

20 

4 

No 

7:45 

AM 

10 

5 

No 

8:10 

AM 

25 

1 

No 

8:15 

AM 

5 

53 

No 

8:16 

AM 

1 

54 

Yes 

• 

8:35 

AM 

19 

55 

No 

8:45 

AM 

10 

53 

No 

13:00 

PM 

255 

21 

No 

13:10 

PM 

10 

53 

No 

13:40 

PM 

30 

24 

No 

13:50 

PM 

10 

53 

No 

14:10 

PM 

20 

21 

No 

16:45 

PM 

155 

21 

No 

16:55 

PM 

10 

53 

No 

17:00 

PM 

5 

54 

No 

17:35 

PM 

35 

55 

No 

17:40 

PM 

5 

53 

No 

20:00 

PM 

140 

5 

No 

20:10 

PM 

10 

53 

No 

22:00 

PM 

110 

28 

No 

22:10 

PM 

10 

53 

No 

22:20 

PM 

10 

5 

No 

24:00 

PM 

100 

5 

No 


Sleeping at night 45 
Did stretching exercise 80 
Went to bathroom, used toilet 40 
Went out to backyard to get bike 89 
Travelling; bicycling 82 
Went to health club, exercising 80 
Travelling; bicycling 82 
Got home and put bike away 89 
Took shower 40 
Got dressed 47 
Eating a meal or snack 43 
Travelling, walking 9 
Waited at bus stop 9 
Travelling; in transit 9 
Travelling; walking 9 
Working (at main job) 1 
Travelling; walking 3 
Went shopping for birthday gifts 31 
Travelling; walking 3 
Went into office kitchen & ate lunch 6 
Working (at main job) 1 
Travelling; walking 9 
Waited for bus 9 
Travelling; in transit 9 
Travelling; walking 9 
Talked on phone 96 
Travelling; walking 49 
Eating a meal or snack 44 
Travelling; walking 49 
Changed clothes 47, 
Sleeping at night 45 


Total in minutes » 1440 
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third digit - e.g., code 167 for "painting a room". The full set of 

► 

two-digit activity codes used for the California Activity Pattern 
Survey, together with the additional three-digit codes, is listed in 
Appendix A). 

Each activity was also coded according to the location where it 
occurred. For the most part, the 44 location codes were entered 
directly into the computer by interviewers at the time of the interview, 
using the location codes given in Table 2.2. To our knowledge, the 
California Activity Pattern Survey is the first to include location as a 
major component of the daily diary of activities. Thus estimates of 
time spent in various locations can be made for individuals and, in 
addition, one can obtain sample estimates of the full distribution of 
time in various locations for the population and for various subgroups. 
Furthermore, by cross-classifying type of activity by location, measures 
of time use for specific combinations of activity and location can be 
generated for each respondent. Thus, for example, it is possible to 
compute time spent painting indoors, picnicking in a park, etc. 

After each diary was recorded, and edited to be sure it added to 
1440 minutes and it contained a properly integrated set of activities, 
it was transferred to a file of diaries that were ready for coding. All 
activity coding was done by the senior investigator on the project (Dr. 
Robinson), who was familiar both with the original Szalai et al code and 
with the adaptations and special activity distinctions of interest to 
ARB. To ensure consistency of coding across time, they were coded in 
large batches (of 100-400 at a time). 

The text of each diary entry was first listed in chronological 
order across the day. The activity coding scheme in Table 2.4 and 
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Appendix A was applied to each activity based on the most appropriate 
two-digit code (or three-digit code for some more complex activities) to 
each activity on the print listing; that listing already contained the 
time began-ended, location and smoker-present information attached to 
the text activity description. Once all such diaries for one of the 
four seasonal data waves was complete, they were then sent to the 
University of Maryland for data coding. The diary codes were then added 
to the diary data files. 

When all the activity codes for a seasonal wave had been entered, 

, a new activity listing was printed, this time already sorted by 
activity. Thus the first set of entries on this listing was all the 01 
codes for paid work (main job). The original coder then looked through 
all the sorted text activity listings under category 01 to be sure they 
were paid work activities. He then proceeded in the same manner through 
the code 02 text entries, the code 03 entries, etc. through the complete 
listing of all ordered activities. What made this task of activity 
editing easier than the original activity coding was that the coder only 
had to verify that the text activity was in the correct category rather 
than assign it to one of the original categories. One of the factors 
that aided this process was that the activity listings were also sorted 
by the location of the activity to ensure that the coded activity was 
consistent with the place in which it occurred. 

The coder then noted all code discrepancies on the print listing 
and those were returned to data entry personnel for recoding. This 
procedure was repeated twice more in successively larger listings to 
ensure that the coding was consistent across waves. The last listing 
contained all the diaries at one time and thus provided a completely 

21 
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TABLE 2.4: TWO- AND THREE-DIGIT 

ACTIVITY CC 

DES FOR ARB STUDT 

00-09 PA-ID 

WORK 

50-59 EDUC 

IATICN AND TRAINING 

:o 

(nor usea) — 

50 

Stucenzs' c-asses 

01 

Mam 30 D 

51 

Other classes 

C 2 

Unemployment 

52 

(not used) 

03 

Travel during work 

53 

(not usea) 

04 

(nor usea) 

5 4 

Homewo zk 

05 

Second }ob 

55 

Library 

06 

Eating 

56 

Other eaucation 

07 

Before/after work 

57 

(not used) 

08 

Breaks 

in 

CD 

(not used) 

09 

Travel to/from work 

59 

Travel, education 

10-19 HOUSEHOLD WORE 

60-69 ORGANIZATIONAL ACTIVITIES 

10 

Food preparation 

60 

Professional/union 

11 

Meal cleanup 

61 

Soecial interest 
* 

12 

Cleaning house 

62 

Political/civic 

124 

Cleaning and laundry together 

63 

Volunteer/helping 

13 

Outdoor cleaning 

64 

Religious groups 

14 

Clothes care 

65 

Religious practice 

149 

At Laundromat 

66 

Fraternal 

15 

Car repair/maintenance (by R) 

67 

Child/youth/family 

16 

Other repairs (by R) 

68 

Other organizations 

165 

Darkroom pnotograpnic work 

69 

Travel, organizations 

166 

Repairing boat 



167 

a> 

Painting a room or house 

70-79 ENTERTAINMENT/SOCIAL ACTIVITIES 

169 

3uilding a fire 

70 

Sports events 

17 

Plant care 

71 

Entertainment, events 

18 

Animal care 

72 

Movies 

19 

Other household 

73 

Theatre 

20-29 CHILD CARE 

74 

Museums 

20 

Baby care 

75 

Visiting 

21 

Child care 

76 

Parties 

22 

Helping/teaching 

77 

3ars/lounges 

23 

Talking/reading 

78 

Other social 

24 

Indoor playing 

79 

Travel, events/social 

25 

Outdoor playing 

80-89 RECREATION 

26 

Medical care - child 

80 

Active snores 

• 

27 

Other child care 

801 

Golf 

28 

At Dry cleaners 

802 

Bowling 

29 

Travel, child care 

* 803 

Toga 

30-39 OBTAINING GOODS AND SERVICES 

81 

Outdoor 

30 

Everyaav shopping 

82 

Walking/biking 

31 

Duraole/house shop 

83 

Hobbies 

32 

Personal services 

84 

Domestic crafts 

33 

Medical appointments 

85 

Art 

34 

Govt/financial service 

36 

Music;drama/danee 

35 

Car repair services 

S7 

Games 

36 

Other repair services 

88 

Computer use 

37 

Other services 

89 

Travel, recreation 

38 

Errands 

90-99 COMMUNICATION 

39 

Travel, goods and services 

90 

Radio 

40-49 PERSONAL NEEDS AND CARE 

91 

TV 

40 

Washing, etc. 

914 

TV and eating 

41 

Medical care 

92 

Records/tapes 

42 

Help and care 

93 

Read books 

43 

Meals at home 

939 

TV and reading 

44 

Meals out 

94 

Reading magazines/other 

45 

Night sleep 

95 

Reading newspaper 

46 

Naps/day sleep 

954 

Reading and eating 

47 

Dressing, etc. 

96 

Conversations 

474 

Washing and dressing 

97 

Writing/household paperwork 

48 

N.A. activities 

98 

Think, relax 

49 

Travel, personal care 

99 

Travel, communication 
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205782597 




Methodology 


comprehensive check that the coding of activities was consistent across 
the entire project. This last listing required checking the text of 
more than 37,000 individual diary entries of activities. 

For the purpose of this report, we created a collapsed coding 
scheme for activities which consists of 26 mutually exclusive activity 
codes. The reduction from more than one hundred to 26 codes facilitates 
data presentation without undue aggregation of the activity data. Table 
2.5 shows the composition of the 26 activity codes in terms of the 
original two and three digit activity codes. And in Figure 2.3 we 
apply the reduced coding scheme to the specimen diary in Table 2.3. 

6. Response Rates and Sample .Representativeness 

As noted in Section 2 above, the target population for the 
California Activity Pattern Survey (CAPS) consisted of Californians 
living in households containing at least one telephone. To avoid the 
additional costs of translating the questionnaire into other languages 
and hiring bilingual interviewers, we also excluded households with no 
English-speaking adults. The exclusion of households with no telephones 
or with no English-speaking adults undoubtedly introduces some bias into 
the population estimates based on the CAPS sample. Because most 
California households contain phones (the proportion of households with 
phones is estimated at 92-96% in California metropolitan areas by Survey 
Sampling, Inc., 1989), the bias in overall estimates due to exclusion of 
no-phone households is unlikely to be severe. Nonetheless, it is known 
that households without phones are also more likely to be composed of 
individuals from lower socioeconomic strata (Groves, 1989). Therefore 
any activities or locations directly correlated with socioeconomic 
status are likely to be underrepresented in the sample data. For 
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Activity 


TABLE 2.5: COLLAPSED ACTIVITY CODES USED IN THIS REPORT 


1 . 

2 . 

3 . 

4 . 

5. 

6 . 

7 . 

8 . 

9 . 

10 . 
11 . 


13. 
14 . 

15. 

16. 


17 . 

18 . 

19 . 

20 . 

21 . 

22 . 
23. 
24 . 
25. 
26 . 


Eating 

Sleeping/.Res ting 

Working (Paid) (Total and breakdown 
by occupation) 

Cooking/Meal Prep. & Cleanup 

Household Cleaning & Chores, Clothes Care 

Yard Work, Gardening, Outdoor Chores, 

Doing General House Repairs 
Dry Cleaners 
Travelling/in Transit 

(total & breakdown by mode) 

Doing Car Repair/Maintenance, Car Services 
Animal Care 

Baby/Child Care/Care of Other Adults 
Food Shopping/Other Shopping 

Personal Care Services (Beauty/3arber Shop) 
Obtaining Services, Running Errands 
Personal Care (self) 

Attending Classes/Education Activities 
Organizational Meetings/Activities 

Participating in Active Sports, Exercising 
Participating in Less Active Sports, 
Outdoor Leisure Activities 
Hobbies & Crafts 

Singing, Dancing, Playing instruments 
Attending Sports Events, Attending 
Cultural Events (museums, movies) 
Socializing, Parties, Games Conversation 
Visiting Bars & Lounges 
Computer Use, Radio, TV, Records 
Reading, Writing, Household Paperwork 
Other 


* 


Codes 


06, 

43, 

44, 

914, 954 

45, 

46 



01, 

07, 

05 


10, 

11 



12, 

19, 

14, 

124, 149 

13, 

17, 

16, 

105, 166, 1 

28 




03, 

09, 

29, 

39, 49 

5 

9, 69 

, 79 

, 89, 99 

15, 

35 



18 




to 

o 

s 

21, 

22, 

23, 24, 

26, 27 

, 42 


30, 

31 



32 




33, 

34, 

36, 

37, 38 

40, 

41, 

47, 

48, 474 

50, 

51, 

54, 

55, 56, 60, 

61, 62 

, 63 

, 64, 65, 

66, 67 

, 68 


80, 

82 (not Including 801, 

25, 

801, 

802 

, 803, 81 

83, 

84, 

85 


86 




70, 

71, 

72, 

73, 74 

75, 

76, 

78, 

87, 96 

77 




88, 

90, 

91, 

92 (not incl\ 

93, 

94, 95, 97, 

98, 937 (not 

02, 

08 
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802, or 803) 
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FIGURE 2.3: COLLAPSED ACTIVITY CODES FOR 

SPECIMEN DIARY IN TABLE 2.3 


Collapsed 


Code 

Activity 

Duration in Minutes 

1 

Eating (6, 43, 44) 


155 

2 

Sleeping (45) 


445 

3 

Work (1) 


410 

6 

Outdoor work (13) 


5 

8 

Travel (3, 9, 49, 89) 


135 

12 

Shopping (31) 


30 

15 

Personal Care (40, 47) 


45 

17 

Active Sports/Exercise (80, 82) 


75 

22 

Socializing, Parties, Conversation 

(96) 

140 


Total 1440 



Source: https://vvwv.industrydocurnents.ucsf.edu'docs.''hkbjOOOO 
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example,, recent, surveys of smoking behavior suggest that prevalence of 

% 

smoking is generally higher in households without a phone than in those 
with at least one phone (Gentry and Kalsbeek, 1989) . Thus, for activity 
and location patterns strongly correlated with socioeconomic status, 
caution should be used extending our sample estimates to the general 
population. 

The overall field outcomes for the sampled telephone numbers are 
given in Table 2.6. A total of 4969 telephone numbers was set up for 
interviewing. Gf that number, 2368 were not eligible households. 
Interviews were attempted with the remaining 2601 households. Of these 
2601, interviews were completed with a randomly selected adult in 1579 
households, yielding a response rate of 60.7 percent. The proportion of 
refusals was somewhat larger than we usually encounter in general 
population telephone samples, due perhaps to the relatively demanding 
nature of this interview. 

The results for youth are given in Table 2.7. We enumerated 256 
children between the ages of 12 and 17. Of that number, we completed 
interviews with 183, or 71.5 percent. The largest source of non¬ 
response for youth was informant refusals. In such cases the adult with 
whom the interviewer was speaking (usually the parent) refused to allow 
the selected young person to be interviewed. Note that we did not 
attempt to select and interview a young person unless the adult 
interview had been successfully completed. Statistics for youth, 
consequently, will be based on those households in which both an adult 
and a young person completed the interview. 

All in all, 1762 interviews (with daily diary) were completed, 
1579 with randomly selected adults and 183 with randomly selected 
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TABLE 2.6: 


OUTCOME FOR HOUSEHOLDS AND ADULTS SAMPLED 




% of 

% of 


Number 

Total 

Eligible 

Total Selections 

4969 

100.0 


Ineligible for the Sample 




Not in service 

1303 

26.2 


Not a residence 

847 

17.0 


Never answered* 

57 

1.1 


Not English-speaking 

161 

3.2 


Total ineligible 

2368 

47.7 

i 


Eligible Sample Units 

2601 

52.3 

100.0 

Non-response 




Informant refused 

535 

10.8 

20.6 

Respondent refused 

232 

4.7 

8.9 

Respondent never home 

178 

3.6 

6.8 

Respondent cannot participate 

60 

1.2 

2.3 

Incomplete diary 

17 

0.3 

0.7 

Total non-response 

1022 

20.6 

39.3 

Completed adult interviews 

1579 

31.8 

60.7 


*Never answered after at least 35 calls. 
Most are disconnected business numbers. 

A small proportion could be residential. 




Source: https://wvvw.industrydocuments.ucsf.edu/doc&’hkbjOOOO 
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adolescents within the adult households. The composition of this sample 

A 

by season of interview is given in Table 2.8. 

The overall representativeness of the CAPS sample is a function of 
several interrelated factors. First, there is the aforementioned 
possibility of bias due to exclusion of non-English speaking respondents 
and of households without telephones. Second, the population estimates 
constructed from the sample may be biased if participation (i.e., 
agreeing to be interviewed versus refusal) is correlated with the 
characteristics being estimated. For example, if persons who spend a 
great deal of their time outdoors were less likely to complete an 
interview than those spending most of their time indoors, the sample 
estimate of mean time outdoors will tend to underestimate the true 
population figure. Third, the overall effect of bias of the second kind 
depends on the magnitude of the response rate. Other things being 
equal, the higher the response rate, the better the estimate. Finally, 
we note that if participation is non-select ive with respect to the 
characteristic being estimated, the effect of non-response is simply to 
reduce the size of the sample and therefore to increase the standard 
error of estimate relative to that obtained with 100% participation; 
there is no further effect on the representativeness of the estimates. 

The combined response rate for adults and adolescents, 61.7%, 
falls at the low end of the normal range of response rates for telephone 
interview studies using random-digit-dialing. Even to attain this level 
of participation, we had to expend considerable effort to convert 
initial refusals to completed interviews. [AJDout 16% of the completed 
adult interviews were the result of contacts subsequent to an initial 
refusal to be interviewed.] Unfortunately, the extent to which 

24 
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TABLE 2.7: OUTCOME FOR ENUMERATED YOUTH RESPONDENTS 


Total Enumerated Youth 


Non-response 


Informant refused 
Respondent refused 
Respondent never home 
Respondent cannot participate 
Incomplete diary 

Total non-response 

Completed Youth Interviews 


% of 

Number Enumerated 


256 

100.0 

45 

17.6 

5 

2.0 

19 

7.4 

3 

1.2 

1 

0.4 

73 

28.5 

183 

71.5 


TABLE 2.8: DISTRIBUTION OF THE SAMPLE BY AGE 

AND SEASON OF INTERVIEW 


Season of Adults Adolescents Total 

Interview 18 yrs + 12-17 years 


Oct. 

Dec. 1987 

440 

48 

488 

Jan. 

-Mar. 1988 

418 

55 

473 

Apr . 

-June 1988 

265 

25 

290 

July 

-Sept. 1988 

456 

55 

511 


Total 1579 183 1762 
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participants and. non-participants differ with respect to population 

* 

characteristics of interest cannot be determined from the sample data 
alone. However, as a partial check on the representativeness of the 
sample, it is possible to compare certain sample estimates with 
independent estimates from the Current Population Survey of 1987. 

Table 2.9 shows the distribution of the California population aged 
18 and over in 1987, based on the Current Population Survey, compared to 
a distribution estimated from the California Activity Pattern Survey of 
1987-88. Estimates from CAPS were constructed using the sampling weight 
the Adult Household Sampling Weight ("sampwt"), as described in Appendix 
D. We note that while the population size estimates from CAPS are 
within 10% of the corresponding CPS estimates for age groups 18-34 and 
35-64, the estimated numbers of persons 65 and over are considerably 
below the CPS figures, especially for the male population. This 
difference may be the result of a) lower prevalence of telephones among 
the over 65 population as compared with younger groups, b) a relatively 
lower survey response rate among persons over 65, or c) both a) and b). 
For making refined population estimates for characteristics that are 
known to be sensitive to age variations, users of the CAPS data should 
consider weighting the cases with the ratios given in column 3 of Table 
2.9, in addition to using the normal sampling weights. In most cases, 
however, use of the additional weight will have little effect on the 
final estimates. 




7 . statist,ic.a L-£.r.. Q .c.£.ciure s 

Because the distributions of minutes spent in 
activities are often highly skewed, we have 

25 


various locations 
made limited use 


and 

of 
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TABLE 2.9: COMPARISON OF ESTIMATED AGE/SEX DISTRIBUTION 

OF CALIFORNIA ADULTS AGED 18 YEARS AND OVER 
WITH CURRENT POPULATION SURVEY (CPS) ESTIMATES FOR 1987 


( 1 ) ( 2 ) 

CPS Estimates, 1987 California Activity Pattern 


(3) 

Ratio of (1) to (2) 


AGE/SEX GROUP 


N> 

Ln 


Females 


Total 


18-34 

4,145,700 

4,281,110 

0.968 

35-64 

4,316,300 

4,736,123 

0.911 

65+ 

1,182,300 

726,422 

1.628 

10-34 

4,276,100 

4,247,081 

1.007 

35-64 

4,393,600 

4,632,722 

0.948 

65 + 

1,536,500 

1,227,042 

1.252 


19,850,500 

19,850,500 

1.000 


086SS84S02 


Source: hllps^'www.induslrydocuments.ucsI.edu/docs.’hkbjOOOO 


statistical tests in this 
in the interpretation of 
described below. 


However, such tests were used to aid 

% 

the data tables. The tests used are 


r ^ 
L. A 



b. Tests of significance of differences in the proportions of persons 
who used or were near various potential pollution sources are given in 
Tables 3.12, 3.13, 3.14, and 3.15. The null hypotheses tested are that 
the population proportions are the same for the subgroups (or subsets of 
subgroups) specified in the tables. The test is performed by conducting 
a linear logit analysis of weighted data using the SPSS Loglinear 
subroutine (SPSS, Inc., 1983, pp. 541ff) . Significance is tested by 


partition of a Chi-squared statistic which permits tests of main effects 
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Chapter II. Methodology 


and interactions effects in multifactor tables (e.g., Tables 3.12 and 
3.13) and main effects in single factor tables (e.g., Tables 3.14 and 
3.15). The assumptions required for these tests, namely random sampling 
and categorical data, are satisfied by the weighed data used in these 
tables (see Bishop, et al., 1975). 
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CHAPTER III. GENERAL RESULTS 

t 

In this chapter, we present basic analyses of the data set. It 
needs to be stressed at the outset that estimates of any variable in 
survey research may be inflated (or deflated) depending on how the 
question is worded or how measurement criteria are operationally 
defined. In terms of relations between variables, it will be noted that 
these are put forth as bivariate (cross-tabulated) associations or 
relations and that far more complicated and multivariate analyses need 
to be performed before conclusions about possible cause-effect or 
deterministic influences can be reached. It is also the case that many 
cells in these analyses contain too few cases to warrant much 
generalization. 

Nonetheless, such exploratory analyses are necessary to initiate 
the scientific analysis process prior to any conclusions or 
recommendations that may be of concern. We have conducted some initial 
calculations/estimations and have highlighted findings that appear to be 
of relevance to environmental researchers. Further questions can be 
easily addressed using the data which will be made publicly available 
for that purpose. The number of hypotheses that can be tested or of 
projections that can be made from the data set now seems virtually 
limitless . We trust our presentation of the data will highlight some 
major themes and patterns occurring in the data and that many of these 
will be appropriately addressed in future multivariate causal analyses. 

Calculations in the tables in this chapter are mainly given in 
average minutes per day (sometimes translated into hours per week or per 
day when that seems appropriate or helpful) for the entire sample. The 
data have been weighted by day of the week and by season of the year so 
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Chapter III. General Results 


they can be simply multiplied by 7 (days of the week) and divided by 60 
(minutes per hour) to provide appropriate equivalents in hours per week. 
They have also been weighted by region and by household size (as noted 
in Appendix D) to j-^rmit generalizability across the (English-speaking, 



telephone-owning) state population. 

In many cases the overall mean may not be the most meaningful 
statistical parameter for a specific activity or location, because many 
respondents report zero (0) minutes in such an activity or location for 
the diary day -- as in the case of going to a dry cleaners or a beauty 
parlor. The overall average of 2 minutes per day at beauty 
parlors/barber shops has limited meaning for individuals who do not go 
to such places. Therefore for the general introductory tables, we 
present data in terms of average time (minutes per day) per pe r s on 

engaging in an .activity , which are labelled "mean/doer" in the tables. 
We refer to these statistics as average times per participant . It is 
not possible within the limited scope and resources of the present 
report to show these data, or alternative parameters like percent 
participating or median values, for all the various cross-tabs shown in 
the later analyses in this chapter. Data for these parameters, or for 
specific hypotheses, can easily be tabulated from the data computer 
files that are provided from the project. 

The four sections which follow present basic summary data 
pertaining to 1) locations, 2) activities, 3) use of, or proximity to, 
potential pollution sources, and 4) presence of others smoking during 
the diary episodes. Each section is divided into two parts. We first 
highlight the findings under each heading, with a focus on findings 
which are of concern to environmental researchers. We then give a more 
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Chapter III. General Results 


complete summary of the results presented in the accompanying tables. 
Summary statistics are given a) for subgroups classified by gender, 
employment status, age, and region, and b) by season of interview. 

1. Time spent in various, locations . 

Summarizing some of the main results: 

* Of the total time across the week, 87% (1253 minutes per day) 
was spent in indoor locations, 5% in outdoor locations [At home, in 
pool/spa (code 10) or yard (code 11) , at playground or park (code 34), 
or at other outdoor locations (code 40)] and 8% in travel. Of the time 
spent indoors, more than two-thirds (893 minutes per day) was inside the 
respondent's home, with the bedroom (524 minutes) and living room (196 
minutes) being the main rooms of the house where time was spent. Of the 
time spent indoors away from home, about one-third of time was spent at 
places of work and other people's homes. 

* The mean time spent in outdoor locations across the sample across the 
year was 73 minutes per day, which translates to about 1.2 hours per day 
or just over 8.5 hours per week. 

* The average time spent for those in the sample who spent time in 
some outdoor location was 157 minutes per day. The major outdoor 
locations were "other outdoor" and in the yard of one’s home, which 
totaled 33 and 27 minutes per day, respectively, or about two-thirds of 
all time spent outdoors. 

* The mean time spent in travel was 111 minutes per day. Some 92% 
of the sample took at least one trip on the diary day and the mean time 
for those who did travel was 127 minutes per day. About two-thirds of 
travel time was spent in automobiles (73 minutes per day, 99 minutes per 
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.cipant) and another 16% of travel time was spent in vans or 


We turn now to a presentation of the more detailed results. Table 
3.1 presents the major features of the data on respondent location. It 
can first be seen by glancing down the first column that the major room 
in the house as far as daily time is concerned is, not surprisingly, the 
place where the most time-consuming activity (sleeping) takes place, 
namely the bedroom (524 minutes) . About 328 minutes (five and a half 
hours) more time is spent there each day than in the next most time¬ 
intensive place, the living room (196 minutes). And almost three times 
as much time is spent in the living room as in the kitchen, the third 
most frequently used room in the house (74 minutes). On average, less 
than half an hour per day on average is spent in the next set of at-home 
locations -- bathrooms, yards, dining rooms, and "other" rooms. 
Garages, basements, utility rooms, and pool/spa areas take up less than 
10 minutes per day when aggregated across the entire sample. 

These ratios are also generally reflected in the times spent in 
each of these rooms on a per participant ...basis (Column 3) . However, 

some rooms may have low overall amounts of time spent in them for the 
entire sample but also have relatively high times spent for those who 
have such rooms and do spend time there, as shown in Column 3. For 
example, those relatively few respondents who spend time in studies and 
garages do spend more than an hour in these locations; that is also 
reflected in the high maximum lengths of times (Column 5) in these 
locations. It may also be seen as a function of the small percentages 
of people who spent time there (Column 4). 
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Chapter III. General Results 


As shown in Table 3.1 r the total average amount of time spent at 
home for the entire sample is 921 minutes or about 15 hours per day. 
Since almost all respondents (9 9%) spent at least some time at home,, the 
overall average amount of time at home for those at home during the day 
is very close (at 934 minutes per day) to the mean for the entire 
sample. The 1440 minutes figure in the maximum column indicates that 
some respondents actually spent the entire day at home. 

The comparative figures for away-from-home locations show a 
similar range, before and after adjustment for the participation rate. 
Those persons who went to offices or industrial plants average more than 
four hours per day in these locations. Respondents who go to indoor 
gyms or auto repair shops, on the other hand, spent less than two hours 
per day there. In all, some 92% of the sample spent at least some time 
in one of these away-f rom-home locations, and the average time per 
participant was 4 41 minutes, or about 7 hours per day away from home. 

There was a population mean of 111 minutes of travel time. It 
was, of course, dominated by the automobile (73 minutes), and the three- 

4 

quarters of the sample who took an automobile trip spent 99 minutes 
(about 1.7 hours) driving by car; similar trip times (102 minutes per 
participant) were reported by users of vans and small trucks. Some 26% 
of the sample reported walking on the diary day as a transit mode and 
their average time was more than half an hour (this generally excluded 
time spent walking within buildings); walking here includes walking for 
pleasure, which is coded as a separate activity in the activity codes 
(Tables 3.6 to 3.10). Some 92% of the sample took at least one trip on 
the diariy day and the average time per participant was 127 minutes (2 
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hours); one respondent travelled for 1320 minutes on the day, or. almost 
the entire day. 

F.mployment : Variations in time spent in these locations for 

employed and unemployed men and women are shown in Table 3.2. It can 
first be seen in the middle of the table that employed men and women 
both spent about 200 minutes per day less time at home than non-employed 
men and women. Women, both employed and non-employed, spent about an 
hour more time at home than do employed and non-employed men. 




These differences are reflected as well for time spent in most 
rooms in the house. Women in general also spent proportionately more 
time in the kitchen, in the bathroom, and moving from room-to-roorr. in 
the house. Men spent more time in the garage and in the yard. 

Employed men and women spent more time than non-employed men and 
women in the bathroom. Proportionately, the non-employed spent more 
than 20% more time than the employed in such at-home locations as the 
kitchen, living room, dining room, yard and “other" rooms. 

With regard to overall time spent away from home, the employed 
spend about three-fourths more time away from home as the non-employed. 
On a weekly basis, the figures translate to about 61 hours in away-from 
home locations (excluding travel) for employed men, 52 hours for 
employed women, 33 hours for non-employed men and 28 hours for non- 
employed women. 

Most of this difference is, of course, for time spent at work 
locations, with offices, shopping malls, and hospitals being higher for 
employed women and plants and restaurants higher for employed men. 
Employed people also spent more time at shopping malls, at restaurants, 
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* 3.2 

IN VARIOUS LOCATIONS BY GENDER AND 

r>*r day; include* non-p 


LOYMENT STATUS 
tx) 

WOMEN 



Not 



Not 

* 


Locat;or, 

« # 

Emoloved 

(249) 

Zrr.ci ovea 

(5735 

TOTAL 

Emo1ovec 

Zttvd 1 o vea 

TOTA' 

<822) 

(430) 

(510) 

(940) 

' ~ upur 







1. Kitonen 

65 

41 

48 

128 

75 

99 

2. Living Room 

279 

153 

188 

253 

164 

204 

3. Dining Room 

23 

17 

19 

23 

16 

24 

4. Bathroom 

18 

32 

27 

33 

43 

39 

5. Bedroom 

554 

484 

504 

577 

518 

544 

6 . Study 

6 

7 

7 

9 

6 

3 

7. Garaqe 

30 

7 

13 

5 

5 

5 

8 . Basement 

* 

1 

- 

* 

* 

- 

* 

L 

9. Utility Room 

* 

2 

1 

6 

2 

4 

10.Pool,spa 

1 

% 

A 



- 


11 .Yard 

50 

2 7 

33 

2 7 

1 O 

21 

12.Room to Room 

12 

3 

10 

40 

29 

34 

13.Other HH Room 

5 


3 

6 

• 

4 

TOTAL AT HOME 

1044 

780 

55 4 

1119 

379 

986 

AWAY 







21 .Office 

4 

87 

64 

7 

131 

76 

22 .Plant 

2 

34 

61 

1 

17 

9 

23.Grocery Store 

5 

13 


11 

18 

14 

2 4 . Shopping Mall 

14 

23 

27 

22 

47 

40 

2 5 .School 

80 

27 

42 

52 

29 

29 

26.Other Public Place 

3 

21 

16 

10 

* ^ 

10 

27 . Hospital 

5 

10 

9 

M 

7 

2 i 

20 

28.Restaurant 

22 

27 

w 

33 

IS 

30 

24 

2 9.Sar-Nichtciub 

5 

■» c 

12 


t 

£ 

30.Churcn 

/ 

6 

7 

s 

4 

i 

31 . Indoor Gym 

6 

4 

4 

3 


i 

32.Others Home 

55 

62 

60 

S3 

59 

s: 

33.Auto Repair 

11 

21 

18 

2 

4 


3 4 .Playground/park 

14 

18 

17 

4 

10 


35 .Hotel-Motel 

* 

8 

6 

3 

12 


36.Dry Cleaners 

* 

9 

* 

* 

* 

x 


37.Beauty Parlor 

9 

• 

♦ 

3 

4 


38.Moving around 

* 

4 

3 

9 

2 


39.Other Inaoor 

7 

20 

16 

5 

9 


40.Other Outdoor 

43 

58 

S3 

13 

15 

l 

TOTAL AWAY 283 

* Less than 0.5 minutes per day 

527 

459 

240 

444 

15 




4 

1 

8 




Source: https:/ywvvw.industrydocuments.ucsf.edu/doc£'hkbjOOOO 
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Table 3.2 (Continued) 

KEAN TIKE SPENT IN VARIOUS LOCATIONS BY GENDER AND EMPLOYMENT STATUS 



(in 

minute* per day; 

include* non 

-participant*) 





KEN 



WOKEN 



Noc 



Noc 



Local ion 

Employed 

Employed 

TOTAL 

Er.oloved 

Emoloved 

TOTAL 

n * 

(249) 

(573) 

(822) 

(430) 

(510) 

(940) 

TRAVEL 







51.Car 

56 

79 

73 

57 

88 

74 

52.Van 

11 

33 

27 

6 

12 

9 

52.Walking 

16 

10 

11 

9 

8 

8 

5 4 .Bus Stop 


« 

1 

9 

1 

1 

55.Bus 

16 

2 

6 

2 

2 

2 

56.Raoid Train 

♦ 

■w 

1 

* 

* 

3 

2 

57.Crher Truck 

1 

2 

2 

1 

1 

1 

53.Airpiane 

ir 

1 

1 

it 

9 

9 

59 .Bicycle 

4 

1 

2 ! 

* 

9 

9 

60.Macorcycle 

4 

2 

2 

* 

9 

9 

61.Ocher TransDOrcacion * 

i 

1 

1 

9 

9 

TOTAL TRAVEL 

109 

132 

125 

77 

115 

98 

99.Unknown iocacion 

4 

* 

2 

4 

3 

3 

GRAND TOTAL 

1440 

1440 

1440 

1440 

1440 

1440 

TOTAL OUTDOORS 

107 

104 

105 

45 

41 

43 

TOTAL INDOORS 

1220 

1204 

1208 

1315 

1281 

1296 

TIME IN TRANSIT 

109 

132 

125 

77 

115 

98 

* Less Chan 0.5 minuces per day 




• • 
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at auto repair facilities, at hotels/motels and at "other" indoor 

i 

locations. Non-employed men and women spent more time at schools 
(because students are included here). 

In addition to spending more time in offices and hospitals, women 
spent more time than men in grocery stores, shopping malls, and beauty 
shops/barbers. Men spent more time than women in restaurants, 
bars/nightclubs, auto repair facilities, playgrounds/parks, and "other" 
indoor and outdoor locations. 

With regard to travel time, men spent more time on the average 
traveling (125 minutes per day or almost 15 hours per week) than women 
(98 minutes per day or about 11 hours per week) . Men traveled more than 
women, and the employed traveled more than the non-employed. Non- 
employed men traveled less than the employed in all modes except walking 
and bus. More than two-thirds of all travel was done by automobile or 
van, with automobile travel being about six times higher than van 
travel. Automobile and van travel were in turn almost ten times higher 
than time spent walking for transit purposes. 

The bottom row of data in Table 3.2 is for times spent outdoors 
(Codes 10, 11, 34, and 40 - see Table 3.1 for definitions) . This 

averaged about almost two hours per day (105 minutes) for men and about 
less than one hour (43 minutes) for women. 

Age : Average time spent in various locations for men and women of 

various ages are shown in Table 3.3. In general it can be seen that 
time at home is curvilinearly related to age, with time declining for 
men from 893 minutes (15 hours) per day for 12-17 year olds and 18-24 
year olds to about 800 minutes (13 hours) per day for those aged 25-54; 
it then increases to 958 minutes (16 hours) for men aged 55-64 and 

34 
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Table 3.3 

MEAN TLME SPENT IN VARIOUS LOCATIONS BY AGE AND GENDER 


(in minute* per day; include* non-participants) 




Age 

12-17 

18-24 

25-34 

35-44 

45-54 

55-64 

65 + 

n - 

AT HOME 

(98) 

(96) 

(183) 

(172) 

(106) 

(82) 

(77) 

1. Kitchen 

27 

♦ 

35 

35 

43 

55 

81 

104 

2. Living Room 

136 

167 

171 

175 

174 

234 

330 

3. Dining Room 

15 

11 

13 

16 

26 

30 

34 

4. Bathroom 

26 

26 

31 

29 

23 

23 

24 

5. Bedroom 

651 

502 

481 

479 

461 

483 

549 

6 . Sludv 

¥ 

V 

3 

4 

11 

12 

12 

10 

7. Garage 

3 

3 

27 

10 

8 

15 

9 

S. Basement 

• 

* 

* 

» 


* 

n 

9. Utility Room 
¥ 

w 

2 

7 

1 

A 

* 

t 

7 

10 .Pool, spa 

: 

2 

1 

* 


1 

2 

11 .Yard 

27 

20 

28 

29 

32 

67 

54 

12-Room to Room 

4 

10 

5 

12 

16 

6 

18 

13.Other HH Room 

1 

1 

1 

3 

1 

7 

9 

TOTAL AT HOME 

893 

782 

798 

809 

812 

958 

1152 

AWAY 

21 .Office 

* 

37 

92 

104 

87 

49 

15 

22.Plani 

6 

67 

84 

72 

60 

71 

22 

23.Grocery Store 

5 

13 

9 

8 

25 

4 

8 

24.Shoppmg Mall 

20 

48 

22 

25 

49 

8 

8 

25.School 

178 

49 

15 

18 

30 

23 

17 

26.0ther Public Place 

8 

7 

24 

14 

38 

6 

4 

27.Hospital 

* 

13 

10 

10 

3 

11 

7 

23.Restaurant 

20 

35 

32 

48 

26 

31 

20 

29. Bar-Nightclub 

» 

19 

29 

6 

7 

1 

* 

30.Church 

7 

3 

3 

13 

11 

3 

5 

31.Indoor Gym 

11 

3 

6 

4 

2 

» 

5 

32.Others Home 

79 

98 

48 

75 

37 

43 

31 

33.Auto Repair 

25 

13 

29 

9 

17 

15 

11 

3 4. Play g round/park 

30 

14 

33 

10 

3 

6 

13 

35.Hotel-Motel 

* 

14 

7 

9 

2 

« 

- 

36.Dry Qcaners 

* 

* 

♦ 

« 

* 

• 

» 

37.Beauty Parlor 


» 

* 

♦ 

* 

1 

1 

38.Moving 

* 

1 

2 

5 

8 

1 

* 

39.Other Indoor 

14 

6 

30 

7 

27 

11 

3 

40.Other Outdoor 

20 

71 

48 

67 

44 

80 

33 

TOTAL AWAY 

427 

504 

S 2 3 

503 

476 

363 

202 


* Less than 0.5 minutes per day 



WOMEN 


12-17 

18-24 

25-34 

35-44 

45-S4 

55-64 

65 ♦ 

( 8 S) 

(96) 

(223) 

(179) 

( 110 ) 

( 112 ) 

(125) 

42 

51 

101 

107 

101 

134 

154 

188 

207 

176 

182 

199 

256 

270 

8 

18 

17 

25 

29 

27 

49 

44 

37 

50 

23 

30 

28 

40 

611 

520 

552 

506 

532 

557 

550 

*■ 

** 

4 

7 

7 

14 

27 

1 

6 


5 

14 

5 

2 


» 

- 

* 

> 

- 


* 

A 

1 

3 

* 

4 

6 

s 

A 

« 

1 

w 

w 

* 

w 

11 

7 

13 

33 

21 

35 

26 

11 

15 

35 

37 

38 

47 

51 

* 

1 

3 

5 

5 

6 

11 

917 

862 

960 

942 

987 

111 4 

1191 

3 

— — ■■ 

86 

104 

124 

86 

40 

5 

• 

12 

8 

19 

16 

7 

• 

4 

15 

16 

11 

17 

14 

21 

66 

74 

43 

22 

34 

24 

18 

175 

78 

10 

17 

32 

21 


/ 

1 

7 

10 

12 

15 

8 

19 

2 

8 

44 

21 

12 

13 

10 

11 

16 

29 

30 

33 

24 

28 

* 

9 

6 

6 

2 

* 

- 

9 

1 

6 

6 

8 

6 

0 

10 

3 

6 

4 

1 

* 

• 

106 

79 

55 

67 

64 

40 

26 

1 

9 

2 

3 

5 

* 

1 

4 

15 

10 

5 

4 

6 

4 

3 

14 

12 

6 

5 

1 

7 

* 

» 

* 

4 

* 

* 

* 

T 

4 

* 

9 

3 

8 

D 

* 

* 

2 

3 

W 

* 

w 

3 

9 

4 

8 

5 

13 

14 

26 

19 

11 

18 

_ 6 

12 

6 

425 

457 

378 

386 

350 

239 

175 
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(in ainutas par day 




Age 

12-17 

18-24 

25-34 

35-44 

45-54 

55-64 

n - 

(98) 

(96) 

(183) 

(172) 

(106) 

(82) 

TRAVEL 

51.Cir 

57 

83 

72 

76 

82 

70 

52-Van 

12 

34 

29 

31 

23 

34 

53.Walking 

21 

19 

4 

11 

11 

9 

54.Bus Stop 

4 

- * 

* 

W 

« 

* 

55.Bus 

7 

4 

2 

* 

31 

* 

56.Rapid Train 

w 

* 

1 

* 

* 

* 

57.Other Truck 

1 

4 

-» 

3 

3 

* 

5S. Airplane 

w 

* 

3 


* 

1 

59.Bicycle 

8 

2 

1 

2 

2 

* 

60.Motorcyclc 

7 

n 

X 

4 

2 

• 

1 

61.Other 

1 

a 

* 

W 

2 

* 

• 

TOTAL TRAVEL 

118 

147 

118 

129 

152 

115 

99.Unknown locauon 3 

2 

1 

* 

V 

3 

GRAND TOTAL 

1440 

1 4 4 C 

1440 

14 4 0 

1440 

1440 

TOTAL OUTDOORS 

78 

106 

110 

107 

79 

154 

TOTAL INDOORS 

1242 

1185 

1212 

1204 

1209 

1168 

IN-TRANSIT 

118 

147 

118 

129 

152 

115 


Less chan 0.5 minutes per day 
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Chapter III. General Results 

reaches almost 1152 minutes (19 hours) for those 65 and older.- The 
changes are less pronounced for women, declining from about 917 minutes 
{15 hours) per day for 12-17 year olds to 862 minutes (14 hours) for 
those aged 18-24. It then rises to about 960 minutes (16 hours) for 
those 25-54, rising again to 1114 minutes (18 hours) for those aged 55- 
64 and to 1191 minutes (20 hours) for those aged 65 and above. 

This overall pattern does not hold true for rooms in the house. 
For example, average time in the kitchen increases regularly with age 
both for men (from 27 minutes for those aged 12-17 to 104 minutes for 
those aged 65 and over) and for women (from 42 minutes for those aged 
18-24 to 154 minutes for those aged 65 and older). Time in the living 
room shows similar low points for teenagers and tends to increase with 
age. 

Time spent in away-from-home locations, of course, shows the 
reverse trend, with away time generally tending to decline with age. 
Again, away-f rom-home time reaches a peak in the 25-34 age group for 
men, being about 100 minutes per day higher than among men under the age 
of 18, 160 minutes higher than among 55-64 year old men and more than 
300 minutes per day higher than among men over the age of 65. Among 
women, away-from-home time peaks at 457 minutes per day (53 hours per 
week) for the 18-24 year old age group, compared to 425 minutes per day 
(50 hours per week) for 'girls 12-17* years old, and about 378 minutes 
(about 44 hours per week) for women aged 25 to 34, 239 minutes per day 
(28 hours per week) for women aged 55-64 and 175 minutes per day (20 
hours per week) for women over age 65. 

Travel time, on the other hand, is not lower among teenagers but 
stays rather steady until age 65 for both men and women. Travel times 
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♦ 


of those aged 65 and older (81 minutes per day for men, 71 minutes for 
women) are somewhat lower than for other age groups. A similar lack of 
age patterns shows up again in the figures for automobile-van-truck 
travel. The times spent in other transit modes (bus, train, etc.) are 
generally too small to show a regular pattern, although it is clear that 
bicycle and motorcycle travel times are higher among young men. 

Finally, time spent in outdoor locations is two to three times 
greater for men than women. Again, the lack of age pattern showed up 
within gender. 

Region : The regional differences in Table 3.4 with respect to 
time at home, time away from home, and in-transit time are statistically 
significant. The time spent at home varies between 883 minutes per day 
(103 hours per week) in the South Coast Region to 929 minutes per day, 
(108 hours per week) in the San Francisco Bay Area, and 960 minutes (112 
hours per week) in other areas of the state. Differences are pronounced 
for time spent in the kitchen of the home, which is 58 minutes per day 
in the South Coast Region compared to 86 minutes in the San Francisco 
Bay Area and other areas of the state. Time spent in other living areas 
of the house (living rooms, dining rooms, studies, etc.) are rather 
similar across the three regions. However, for some location categories 
such as yard work, the regional differences are comparable to 
differences by gender and employment status. 

Time spent in away-from-home locations is higher in the South 
Coast Region (434 minutes per day) than the San Francisco Bay Area or 
other areas of the state. This is mainly reflected in the longer time 
in offices, other outdoor locations, shopping malls, and other public 






Source: httpsj/wwwjndustrydocuments.ucsf.edu/docsrtikbjOOOO 


T*bl« 3.4 

MEAN TIME SPENT IN VARIOUS LOCATIONS BY REGION 


(in minutes per day; includes non-participants) 

Other Areas 



South Coast Recion 

S.F. 3av Area 

of State 

n = 

AT HOKE 

(328) 

(381) 

(1053) 

1 . Kitchen 

58 

86 

84 

2 . Living Room - 

190 

178 

216 

3. Dining Room 

17 

22 

25 

4. Bathroom 

33 

34 

1 

33 

5. Bedroom 

525 

528 

520 

6. Study 

8 

9 

6 

7. Garage 

6 

17 

8 

8. Basement 

* 

2 

* 

9. Utility Room 

2 

1 

4 

10.Pool,spa 

V 

it 

* 

9 

11.Yard 

21 

22 

37 

12.Room to Room 

20 

26 

21 

13.Other HH Room 


4 

6 

TOTAL AT HOME 

883 

929 

960 Sig, 

AWAY 

21.Office 

85 

83 

44 

22.Plant 

41 

33 

28 

23.Grocery Store 

10 

11 

17 

24.Shopping Mall 

38 

39 

25 

25.School 

41 

36 

43 

26.Other Public Places 

15 

9 

14 

2 7.Hospita1 

13 

14 

* 

16 

28.Restaurant 

31 

28 

25 

29.Bar-Nightclub 

10 

5 

8 

3 0.Church 

5 

4 

10 

31.Indoor Gym 

4 

4 

4 

32.Others Home 

50 

70 

66 

33.Auto Repair 

• 

14 

8 

8 

34.Playground 

17 

8 

9 

35.Hotel-Motel 

9 

5 

5 

36.Dry Cleaners 

V 

2 

* 

37.Beauty Parlor 

2 

1 

2 

38.Moving around 

1 

2 

3 

39.Other Indoor 

14 

8 

12 

40.Other Outdoor 

33 

30 

35 

TOTAL AWAY 

434 

401 

374 Sig 


* Less than 0.5 minutes per day 

Sig * Difference between regional groups statistically significant at the .05 level. 
NS * Difference not statistically significant. 

(Other differences in the table were not tested for statistical significance.) 
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Tabl* 3.4 (Continued) 

MEAN TIME SPEKT IN VARIOUS LOCATIONS BY REGION 
(in ciinute* per day; include* non-per-cicipa-nt.*) 

Other Areas 



South Coast R 

ecion 

S.F. Bav Area 

•of State 

n = 

(328) 


(381) 

(1053) 

TRAVEL 

51.Car 

78 


72 

69 

52.Van 

21 


12 

18 

53.Walking 

11 


12 

8 

54.Bus Stop 

* 


2 

1 

55.Bus 

5 


5 

2 

56.Rapid Train 

2 


1 

* 

57.Other Truck 

* 


2 

2 

58.Airplane , 

1 


* 

1 

5 9.Bicycle 

1 


1 

2 

60.Motorcycle 

2 


1 

1 

61.Other 

1 


* 

* 

TOTAL TRAVEL 

121 


108 

103 Sig 

99.Unknown location 

2 


3 

3 

GRAND TOTAL 

1440 

4k 

1440 

1440 

TOTAL OUTDOORS 

72 


61 

83 Sig 

TOTAL INDOORS 

1245 


1268 

1251 NS 

TOTAL IN TRANSIT 

121 


108 

103 Sig 


* Less than 0.5 minutes per day 

Sig = Difference between regional groups statistically significant at the .05 level. 
NS ■* Difference not statistically significant. 

(Other differences in the table were not tested for statistical sicnificance.) 
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places. Residents of the South Coast Region spent less time in .stores 
and in other people’s homes than those in other areas of the state. 

Average time spent in transit is different across the state, 
varying from 121 minutes per day in the South Coast Region to 103 
minutes in the other areas of the state. The times for the major travel 
means, automobile-vans-trucks, are about 10% higher in the South Coast 
Region than in the San Francisco Bay Area and other areas of the state. 

Time spent in outdoor locations is also higher in other areas of 
the state (83 minutes per day; 10 hours per week), compared to the South 
Coast Region (72 minutes per day; 8 hours per week) and the Bay area (61 
minutes per day; 7 hours per week). Regional differences in indoor 
time, however, are not statistically different. 

Sea son : Time spent at home is significantly different among 

seasons, as can be seen in Table 3.5. Thus, for example, time spent at 
home varies from 940 minutes per day (110 hours per week) in the fall 
and winter, to about 900 minutes per day (105 hours per week) in the 
summer and spring. Time spent in the yard (and pools, spas, etc.) is, 
of course, highest in the summer (45 minutes per day) versus spring (26 
minutes), fall months (25 minutes) or winter months (16 minutes). 

Average time spent in locations away from home is about 25 minutes 
per day higher in spring and summer months than the rest of the year. 
However, these seasonal differences are not significant statistically. 
Notable seasonal increases appear for time at other public places in the 
spring and for hospitals in the summer. Time in park or playgrounds is 
highest in the fall. Time in ’’other" outdoor locations away from home 
is of course highest in the summer. 

37 


Source: httpsi'/www.industrydocuments.ucsf.edu/docs'hkbjOOOO 


2057825999 



(in. minut«§ p*r day; 

Fall 

include* 

Winter 

non-participant*) 

Spring 

Summer 

n = 

(488) 

(473) 

(290) 

(511)' 

AT HOME 

1. Kitchen 

76 

71 

82 

67 

2. Living Room 

212 

192 

175 

206 

3. Dining Room 

18 

23 

20 

23 

4. Bathroom 

31 

30 

42 

29 

5. Bedroom 

531 

568 

502 

496 

6. Study 

7 

8 

3 

12 

7. Garage 

6 

6 

17 

7 

8. Basement 

♦ 

* 

* 

1 

9. Utility Room 

2 

2 

4 

2 

10.Pool, Spa 

- 

It 

- 

3 

11. Yard 

25 

16 

26 

42 

12-Room to Room 

29 

22 

17 

20 

13.Other HH Room 


4 

£ 

5 

TOTAL HOME 

940 

943 

890 

911 Sig 

AWAY 

21.Office 

77 

65 

66 

72 

21 Plant 

37 

32 

36 

34 

23.Grocery Store 

13 

13 

10 

14 

24.Shopping Mall 

40 

27 

32 

36 

25. School 

39 

53 

48 

22 

26.0ther Public Places 

11 

9 

25 

8 

27.Hospiia] 

7 

14 

8 

28 

2S.Restaurant 

30 

24 

28 

✓ 

30 

29.Bar-Nightelub 

4 

7 

10 

11 

30. Church 

8 

8 

6 

4 

31.Indoor Gym 

4 

5 

5 

4 

32-Oihers Home 

51 

51 

82 

58 

33.Auto Repair 

10 

19 

4 

8 

34.Playground/park 

18 

9 

11 

12 

35.Hotel*Motel 

9 

4 

4 

10 

36.Dry Cleaners 

2 

* 

* 

* 

37.Beauty Parlor 

3 

4 

* 

1 

38.Moving 

4 

1 


2 

39.0ther Indoor 

8 

13 

21 

5 

40.0thcr Outdoor 

16 

35 

28 

53 

TOTAL AWAY 

389 

394 

423 

413 NS 


* Less than 0.5 minutes per day 

Sig - Difference between seasonal groups statistically significant at the .05 level. 
NS * Difference not statistically significant. 

(Other differences in the table were not tested for statistical significance.) 
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Tabl« 3.5 (Continued) 




MEAN TXME SPENT IN VARIOUS LOCATIONS BY SEA-SON 
(in xainufc** p«r day; include* non-participant*) 



Fall 

Winter 

Spring 

Summer 

n = 

TRAVEL 

(488) 

(473) 

(290) 

(511) 

51. Car 

70 

65 

89 

69 

52. Van - 

17 

16 

19 

19 

53.Walking 

11 

9 

10 

9 

54.Bus Stop 

1 

1 

* 

♦ 

55.Bus 

2 

3 

1 

10 

56.Rapid Train 

3 

1 

* 

* 

57.0thcr Truck 

* 

2 

2 

* 

58.Airplane 

1 

* 

* 

1 

59.Bicyclc 

1 

1 

* 

2 

60. Motorcycle 

1 

* 

2 

2 

61.Other 

* 


* 

1 

TOTAL TRAVEL 

108 

100 

124 

114 Sig 

99.Unknown location 

3 

3 

2 

2 

GRAND TOTAL 

1440 

1440 

* 

1440 

1440 

TOTAL OUTDOORS 

59 

60 

65 

109 Sig 

TOTAL INDOORS 

1271 

1277 

1249 

1215 Sig 

IN-TRANSIT 

108 

100 

124 

114 Sig 

* Less than 0.5 minutes 

per day. 

- 

•• • • 

- 

Sig «= Difference between 

seasonal groups 

statistically 

significant at the 

.05 level. 


NS « Difference not statistically significant. 

(Other differences in the table were not tested for statistical significance.) 
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Travel time is higher in spring, mainly due to auto travel. Van 
travel increases slightly in the spring and summer months. 

Total time outside increases in the summer months to 109 minutes 
per day (13 hours per week) as compared to 59-65 minutes (about 7 hours 
per week) for the rest of the year. Total time spent indoors is also 
significantly different by season of the year, being highest in the fall 
and winter months. 

2. Time Spent in Various Activities . 

Summarizing some of the main results from the diary data: 

* Average time spent cooking was 38 minutes per day, with half of 
the sample (51%) engaging in some cooking activity on the diary day. 
Average cooking time per participant, then, was 75 minutes, with one 
respondent reporting a high of 465 minutes cooking on the diary day. 

* Average time spent doing house cleaning was a little lower (34 
minutes per day) than for cooking, and with a higher standard deviation 
around the mean (74 minutes vs. 58 for cooking) . There was a lower 
participation ratio (39%), however, so that time per participant for 
cleaning (87 minutes) was higher than for cooking. 

* Another activity with high potential for exposure concerned 
drinking or socializing at bars and lounges. The average time was only 
3.7 minutes per day across the sample. At the same time, only 4% of the 
sample reported such activity so that the time per participant (101 
minutes) was about as high as for eating. 

* Thirteen percent of respondents had worked on a car (car repair) 
for an average of 48 minutes on the diary day. 

Turning to the more detailed results, variations in times spent in 
various other activities are shown in more detail in Tables 3.6 through 
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Chapter III. General Results 

3.10. Table 3.6 shows the data at the most basic level for the .entire 
sample for the 26 activity categories used in these tables, including 
not only average times and standard deviations for the entire sample, 
but also average times for those engaged in the activity and the 
percentage of the sample who engaged in the activity during the diary 
day. 

Thus the figures for meals and eating in the first line of Table 
3.6 refer to the average of 89 minutes per day spent eating for the 
entire sample and the standard deviation of 69 minutes around that 
average; since 95% of the sample reported eating at some point during 
the diary day, the average time per participant is 93 minutes for that 
95%. Although 5% of the sample reported no activities coded in the 
"Eating 1 ' category (codes 06, 43, 44, 914, 954), some episodes of eating 

may have occu^^ ; during other activities (e.g., snacking while 
preparing food, or during other household work) . The maximum time of 
750 minutes per day is also shown along with the total sample size. 

When averaged on a participant rate basis, the order of activities 
and average time per participant spent doing that activity was as 
follows: 

- Sleep (506 minutes or 8.4 hours) 

- Work (424 minutes or 7.1 hours) 

- Education (237 minutes or 4 hours) 

- Electronic media (184 minutes or 3.1 hours). 

Thus sleep and work episodes are much longer in the diary than for other 
lengthy activities. 

The smallest average durations per participant were for "other" 
activities (29 minutes), pet care (33 minutes) and errands (41 minutes). 
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Table 3.6 

MINUTES OF TIME SPENT IN VARIOUS ACTIVITIES 



Estimated 



% 




Population 


Doer* 

Reporting 


Variable 

Mean 

Std Dev 

Mean 

Activity 

MaxjjTCjm 

N 

ACT1 

88.7 

69.4 

93 

95% 

750 

1762 

ACT2 

503.6 

133.0 

506 

100 % 

1440 

1762 

ACT3 

193.6 

241.4 

424 

46% 

1200 

1762 

ACT 4 

37.5 

58.4 

75 

51% 

465 

1762 

ACT5 

34.4 

73.7 

87 

39% 

630 

1762 

ACT 6 

19.8 

66.1 

111 

18% 

780 

1762 

ACT 7 

0.8 

11.2 

73 

1 % 

170 

1762 

ACT 8 

108.5 

104.4 

118 

92% 

1320 

1762 

ACT 9 

6.1 

31.1 

48 

13% 

535 

1762 

ACTIO 

3.2 

17.4 

33 

10 % 

480 

1762 

ACT 11 

18.3 

53.1 

79 

23% 

510 

1762 

ACT 12 

24.9 

52.7 

66 

38% 

480 

1762 

ACT 13 

1.4 

14.1 

83 

2 % 

390 

1762 

ACT 14 

7.5 

27.1 

41 

18% 

630 

1762 

ACT 15 

50.3 

61.0 

58 

87% 

1170 

1762 

ACT 16 

4S.7 

120.5 

237 

19% 

665 

1762 

ACT17 

15.7 

45.6 

88 

18% 

590 

1762 

ACT 18 

10.7 

49.3 

134 

8 % 

540 

1762 

ACT19 

5.1 

29.3 

114 

4% 

435 

1762 

ACT 20 

2.8 

21.3 

106 

3% 

270 

1762 

ACT21 

9.5 

44.4 

143 

7% 

555 

1762 

ACT22 

55.5 

94.9 

115 

48% 

730 

1762 

ACT23 

3.7 

22.8 

101 

4% 

330 

1762 

ACT 2 4 

143.1 

145.3 

184 

78% 

1065 

1762 

ACT 2 5 

47.6 

86.0 

104 

46% 

1050 

1762 

ACT 2 6 

2.3 

15.6 

29 

8 % ' 

450 

1762 

* "Doer" 

refers to those who 

reported partici 

pating in a 

given activity. 




Label 

eating 


WORKING 

COOKING 

HOUSE CLEANING 
YARD WORK 
DRY CLEANERS 
TRAVEL 
CAR REPAIR 
ANIMAL CARE 
CHILD CARE 
SHOPPING 


ERRANDS 


PERSONAL CARE 
EDUCATION 
ACTIVE SPORTS 


OUTDOOR 


SING TNG/DA' 


CULTURAL EVENTS 




BAR AND LOUNGES 
ELECTRONIC MEDIA 
READING, WRITING 
OTHER 





Source: httpsj ANWwjndustrydocuments.ucsf.edu,'docs/hkbjOOOO 
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Lowest participation rates were for dry cleaners, personal care 
services, hobbies, singing/dancing, and bars and lounges — all of which 
had less than 5% participation. 

As in Tables 3.1 to 3.5 for location, these data are presented for 
the entire sample including adolescents. Time spent traveling is 
slightly lower in Table 3.6 than in Table 3.1, because walking for 
pleasure is included as walking in Table 3.1. but is included as part of 

active sports (code 17) in Table 3.6. 

Gender and _ Employment _Status_ Differences : Differences in these 

activities by gender and by employment status are shown in Table 3.7. 
These differences by both variables are among the largest found in 
analyses of the population by demographic factors, as has been found in 
previous time use research (e.g., Szalai et al 1972; Robinson 1977, 
Juster and Stafford 1985; Robinson 1988). 

Thus we find men spending more time working, doing yard work, 
doing automobile repair, traveling and playing sports. Women, in 
contrast, spent more time cooking, doing housework tasks inside the 
home, taking care of children, doing shopping, engaging in personal care 
at home and by using services (e.g., beauty parlors), engaging in 
hobbies, socializing and reading. 

In general, employed people spend lower amounts of time on 
education, outdoor recreational activities (mainly walking), reading and 
watching television. 

For many activities, we find different patterns for employed men 
(versus non-employed men) and employed women (versus non-employed 
women) . In free time activities, non-employed men spent more time 
playing active sports, while non-employed women spent no more time in 
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Table 3 r7 

MEAN TIME SPENT IN VARIOUS ACTIVITIES 


(in minutes per day; includes non-participants) 


Location 


Not 

Ensloved 


MEN 





Not 
e w l 



WOMEN 


' T, rr*a t 


n « 

AT HOMS 

(249) 

(573) 

(822) 

(430) 

(510) 

(940) 

1. Eating 

105 

89 

93 

91 

79 

84 

2. Sleeping 

555 

479 

501 

529 

488 

507 

3. Working 

28 

328 

245 

12 

252 

144 

4. Cooking 

19 

15 

16 

74 

46 

58 

5. House cleaning 

20 

15 

16 

66 

41 

53 

6. Yard work 

36 

20 

25 

21 

11 

15 

7. Dry cleaners 

* 

* 

* 

3 

* 

2 

8. Travel 

110 

128 

123 

77 

109 

95 

9. Car repair 

14 

7 

9 

3 

4 

3 

10.Animal care 

3 

3 

3 

4 

3 

4 

11.Child care 

9 

8 

8 

37 

21 

28 

12.Shopping 

17 

16 

16 

33 

34 

34 

13.Services 

* 

* 

* 

4 

1 

2 

14.Errands 

6 

8 

8 

8 

7 

7 

15.Personal care 

39 

44 

42 

53 

63 

58 

16.Education 

107 

23 

47 

72 

22 

44 

17.Active Sports 

37 

16 

22 

, 11 

8 

10 

18.Outdoor Recreation 2 0 

14 

16 

7 

6 

6 

19.Hobbies 

3 

2 

3 

12 

4 

7 

20.SLnging/dancing 

2 

4 

3 

3 

2 

2 

21.Cultural events 

4 

8 

7 

6 

17 

12 

22.Socializing 

58 

48 

51 

65 

56 

60 

23.Bar and lounges 

3 

6 

5 

* 

3 

2 

24.Electronic media 

197 

116 

138 

188 

116 

148 

25.Reading, writing 

50 

39 

42 

62 

46 

53 

26.Other 

1 

3 

3 

» 

3 

2 

TOTAL 

1440 

1440 

1440 

1440 

1440 

1440 


* Less than 0.5 minutes per day 
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active sports than employed women. Conversely, non-employed women spent 
more than twice as much time in hobby activities as employed women, 
although there are no differences between employed and non-employed men 
in hobby activities. The most prominent gender differentials of this 
type however are for family care activities. Non-employed women spent 
up to half again as much time as employed women in cooking, doing 
housework, taking care of children, and shopping, while non-employed men 
in some cases do less of these activities than employed men. And while 
non-employed men spend about the same time on personal care as employed 

men, non-employed women spend less time than employed women. 

Age : The differences between older and younger men and women 

shown in Table 3.8 also differ depending on one's gender. Thus, time 
spent on hobbies increases for older women (versus younger women) but 
not for older men. A 

In general, however, those age patterns that are clear tend to be 
the same for men and women. Eating time, for example, tends to increase 
with age, although not in a clear linear progression for each older age 

t 

group. Sleeping times are highest among adolescent boys and girls. 

Work time is highest among the middle aged, while housework (especially 

yard work) tends to increase with age. 

Travel time is highest among the 18-24 age group (and the 45-54 

age -group for men) and drops off most noticeably among the 65 and over 

% 

age group. Child care is of course highest in the 25-44 age group, 
while animal care is more constant across age groups. Shopping time is 
notably lower among adolescents and shows some decline for women (but 
not men) over the age of 64. Adolescent boys, but not girls, report 
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Table 3.8 



MEAN TIME SPENT IN VARIOUS ACTIVITIES 
(in minutes per day; includes non-participants) 


Age 

12-17 

18-24 

25-34 

MEN 

35-44 

45-54 

55-64 

65+ 

12-17 

18-24 

25-34 

WOMEN 

35-44 

45-54 

55-64 

n = 

(98) 

’ (96) 

(183) 

072) 

(106) 

(82) 

<77) 

(85) 

(96) 

(223) 

079) 

(110) 

(112) 

1. Eaung 

77 

85 

77 

95 

104 

124 

125 

62 

59 

82 

76 

104 

101 

2. Sleeping 

571 

500 

500 

483 

453 

493 

537 

f 

555 

522 

515 

469 

510 

503 

3. Working 

53 

222 

343 

276 

334 

208 

66 

51 

162 

186 

211 

170 

89 

4. Cooking 

5 

12 

14 

21 

21 

21 

20 

11 

27 

67 

76 

55 

70 

5. House cleaning 

13 

27 

9 

19 

15 

11 

22 

18 

32 

53 

56 

63 

79 

6. Yard work 

5 

6 

23 

20 

27 

58 

59 

2 

2 

7 

19 

27 

29 

7. Dry cleaners 

ft 

* 

• 

• 

• 

% 

• 

• 

• 

• 

• 

• 

• 

8. Travel 

112 

144 

115 

126 

151 

115 

80 

97 

113 

99 

98 

89 

83 

9. Car repair 

7 

5 

11 

9 

9 

14 

5 

1 

4 

5 

3 

4 

3 


10. Animal care 

11. Child care 

12-Shoppmg 
13.Services 
14.Errands 


1 

2 

4 

2 

3 

3 

5 

3 

2 

2 

6 

6 

3 

1 

11 

15 

8 

7 

13 

i 

4 

20 

50 

35 

21 

4 

26 

14 

19 

16 

13 

18 

18 

34 

42 

31 

34 

9 

1 

• 

1 

9 

ft 

1 

4 

1 

1 

1 

3 

2 

9 

10 

8 

6 

5 

11 ! 

3 

11 

4 

6 

8 





15.Personal care 

42 

42 

37 

47 

46 

45 

39 

cn 

9 

52 

62 

50 

51 

61 

16.Education 

197 

86 

17 

27 

15 

7 

4 

197 

0 

83 

18 

23 

16 

11 

17.Acuve Spons 

48 

22 

24 

20 

12 

13 

13 

30 

7 

11 

6 

9 

3 

18.Outdoor Recreation 

17 

11 

13 

19 

12 

21 

25 

9 

2 

7 

5 

4 

14 

19.Hobbies 

2 

1 

3 

3 

7 

ft 

2 

1 

2 

2 

8 

8 

12 

20. Singing/dancing 

2 

11 

5 

ft 

* 

3 

1 

8 

3 

1 

1 


n 

*- 

21.Cultural events 

14 

7 

6 

7 

5 

7 

2 

2 

18 

12 

15 

14 

9 

22. Socializing 

90 

64 

40 

51 

34 

45 

46 ' 

92 

69 

51 

58 

58 

S9 

23.Bar and Lounges 

ft 

13 

6 

6 

6 

ft 

1 

ft 

6 

3 

1 

1 

1 

24.Electronic media 

161 

123 

113 

124 

107 

176 

238 

190 

163 

114 

127 

114 

161 

25.Rcadtng.wri ting 

13 

17 

44 

41 

51 

44 

107 

15 

41 

42 

55 

66 

74 

26,Othcr 

* 

9 

4 

3 

1 

2 

8 

ft 

2 

3 

2 

2 

3 

ft 

TOTAL 

1440 

1440 

1440 

1440 

1440 

1440 

1440 

1440 

1440 

1440 

1440 

1440 

1440 


* Less than 0.5 minutes per day. 
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less time on personal care. Adolescent boys and girls do spend far more 
time attending school and in other education activities. 

With regard to free time activities, younger people in general 
spent the most time in active sports and in music and dance activities. 
Attending bars and lounges, on the other hand, is slightly higher among 
the 18-24 and 25-35 age groups. Television viewing and use of other 
electronic media shows a curvilinear pattern by age, being highest in 
the 12-17 and over-65 age groups and being lower among middle-age 
groups. Reading shows a more straightforward age gradient moving from 
13 minutes per day among adolescent boys to more than 10 0 minutes per 
day for men aged 65 and over. Outdoor recreation peaks in the 65+ age 

group among men and in the 55-64 age group among women. 

Region : As was the case for the location data, regional 

differences in Table 3.9 are less pronounced than those by age, gender 

or employment status. Time spent eating is slightly higher (by about an 
hour per week) in the San Francisco Bay area than in the South Coast 
Region, while sleeping time is more than two hours per week higher in 
other areas of the state than in the South Coast. Average aggregate 
work time, in contrast, is highest in the South Coast Region (222 

minutes per day, 26 hours per week) than either in the San Francisco Bay 

area (194 minutes per day, 23 hours per week) or in other areas of the 
state (160 minutes per day, 19 hours per week). 

Like eating times, cooking time is lowest in the South Coast 
Region. The same is true for yard work, and other household tasks. 
Total travel time (excluding walking for pleasure) is highest in the 
South Coast Region (117 minutes per day, 13.7 hours per week), next in 
the San Francisco Bay area (106 minutes per day; 12.4 hours per week) 
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Tail© 3.9 

KEAN TIME SPENT IN VARIOUS ACTIVITIES BY REGION 



(in minute* 

par day; includa* 

non-participant* } 

Area 

South Coast 

Reelon 

S.F. Bay 

Arp A 

Other Areas 

. _nf Stare 

n * 

(328) 

(381) 

(1053) 

1. Eating 

87 

97 

85 

2. Sleeping 

492 

508 

514 

3. Working 

222 

194 

160 

4 . Cooking 

33 

40 

42 

5. House cleaning 

32 

37 

36 

6. Yard work 

13 

23 

26 

7. Dry cleaners 

2 

*• 

** 

8. Travel 

117 

106 

100 

9. Car repair 

6 

7 

5 

10.Animal care 

2 

2 

6 

11.Child care 

17 

20 

19 

12.Shopping 

27 

27 

21 

13.Services 

1 

2 

2 

1 A .Errands 

7 

9 

7 

15.Personal care 

51 

47 

51 

16 .Education 

46 

39 

49 

17.Active Sports 

14 

14 

19 

18.Outdoor Recreation 

10 

8 

13 

19.Hobbies 

4 

5 

7 

20.Singing/dancing 

3 

2 

3 

21.Cultural events 

12 

7 

8 

22 .Socializing 

6C 

47 

56 

23.Bar and lounges 

4 

3 

4 

2A .Electronic media 

137 

134 

157 

25.Reading,writing 

40 

59 

48 

26.Other 

2 

3 

2 

TOTAL 

1440 

1440 

1440 


* Less than 0.5 minutes per day. 
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and lowest in other areas of the State (100 minutes per day, 11.7 hours 
per week). 


Time spent in education, recreation, and socializing activities 
are each lowest in the San Francisco Bay area. Cultural activities are 
highest in the South Coast Region. 

Electronic media time is about 15% higher (157 minutes per day; 
18.3 hours per week) in other areas of the state than in either the San 
Francisco Bay area or the South Coast Region (134 and 137 minutes per 
day respectively) . Reading and writing time is highest in the San 
Francisco Bay area, next highest in other areas of the state and lowest 
in the South Coast Region. 

In summary, then, South Coast residents were highest among regions 
in the amounts of time at work and in travel. They are slightly higher 
in the time they spent at cultural events and socializing and lower in 
time they spent eating, cooking, sleeping, doing yard work and reading. 
San Francisco Bay area residents .spent more time eating and reading than 
residents of the South Coast and other areas of the state. Residents of 
other areas of the state are highest in time spent in sleeping, 
yardwork, animal care, active sports, outdoor recreation and in 
electronic media. They spent less time working, traveling and shopping 
than residents of the South Coast Region or the San Francisco Bay area. 

Season : As shown in Table 3.10, time spent eating was lowest in 

the winter (82 minutes per day) and highest in the fall (94 minutes 
per day). Sleeping times are higher in winter (525 minutes per day or 
61 hours per week) than in the spring or summer (493 minutes per day or 
58 hours per week). 




Source: https^Www.industrydocuments.ucsf.edu/docs/hkbjOOOO 


Table 3.10 

MEAN TIKE SPENT IN VARIOUS LOCATIONS BY SEASON 
(in minutes per day; includes non-participants) 



Fall 

Winter 

Spring 

Suimver 

- 

(1987) 

(1988) 

(1988) 

(1988) 

n *= 

(488) 

(473) 

(290) 

(511) 

2. Eating 

94 

82 

92 

86 

2. Sleeping 

502 

525 

493 

494 

3. Working 

200 

192 

181 

200 

4. Cooking 

34 

39 

43 

34 

5. House cleaning 

33 

28 

40 

37 

6. Yard work 

21 

14 

17 

27 

7. Dry cleaners 

* 

Hr 

3 

* 

8, Travel 

102 

97 

123 

111 

9. Car repair 

5 

7 

7 

5 

10.Animal care 

2 

4 

3 

3 

11.Child care 

18 

18 

21 

15 

12.Shopping 

35 

19 

24 

22 

13.Services 

3 

1 

1 

1 

14.Errands 

8 

9 

6 

8 

15.Personal care 

49 

54 

51 

46 

16.Education 

47 

61 

57 

17 

17.Active Sports 

9 

14 

18 

21 

18.Outdoor Recreation 

11 

11 

6 

15 

19.Hobbies 

8 

4 

5 

4 

20.Singing/dancing 

2 

3 

4 

2 

21.Cultural Events 

22 

7 

9 

10 

22.Socializing 

55 

48 

61 

59 

23.Bars and lounges 

3 

3 

5 

3 

24.Electronic media 

139 

149 

122 

165 

25.Reading,writing 

49 

45 

44 

53 

26.Other 

3 

3 

2 

2 

TOTAL 

1440 

1440 

1440 

1440 
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Time spent working declines in the winter months and more so in 
the spring. And times spent cooking and home cleaning were higher in the 
spring. Travel time was about 10 to 20 minutes more per day (or about 
an hour a week higher) in the spring and summer months than in the fall 


and winter months. 


Times spent shopping and obtaining services were highest in the 



Personal care time was at its lowest level in the summer months 


Classes and education were, of course, far lower in the summer 


months, while active sports and outdoor recreation rose to 36 minutes 


per day (4.2 hours a week) compared to 20-25 minutes (about 2.6 hours 


per week) during the rest of the year 


Hobbies increased during the 


fall. 


Social life, singing/dancing and going to bars and lounges 


remained fairly steady across the year. 


Electronic media time reached its highest point (165 minutes per 
day; 19.3 hours per week) during the summer months compared to the low 
of 122 minutes per day (14.2 hours a week) in the spring. Reading time 
also increased somewhat during the summer. 


In summary, then, the summer period was distinguished by more time 


spent doing yardwork, playing active sports and recreation outdoors. 


experiencing electronic media, and reading. Less time was spent in the 


summer months in personal and child care, and attending classes. The 


fall months were distinguished by more time eating and shopping. Winter 
marked the high point for sleeping, personal care, and education, and 
the low point for eating, housecleaning, socializing, yardwork and 


travel. 


Spring marked the high point for cooking, housecleaning and 


traveling, and the low point for electronic media and working. 



Source: https://www.industry 


sf.edu/docs/hkbjOO 
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Potentia l , P ollut a nt. 


As noted in Chapters 1 and 2, several ancillary questions were 
included in the survey specifically enquiring into the use of, or 
proximity to, potential pollutant sources on the previous day. Most of 
these were asked in the post-diary part of the questionnaire. These 
data are reported in summary fashion in Table 3.11, for both adults and 
adolescents; the specific questions are given in Figure 2.2 and Appendix 
B. 

Some highlights from these questions are: 

* Among the adult portion of the sample, about a fifth (22%) 
reported having smoked at least one cigarette on the diary day, with 
about half of these smokers having smoked more than 10 cigarettes. 
About 26% said they were at a gas station, parking garage or auto repair 
shop, with 16% of all adult respondents saying they had pumped or poured 
gasoline. It can be seen at the top of Table 3.11 that 62% of the adult 
sample reported having an attached garage or carport at their dwelling 
unit. Some 37% reported that a motor vehicle had been parked in that 
attached garage or carport at their home. 

* In addition, about 39% of adult respondents reported being in a 
room with an operating gas stove or oven and 30% in a room heated by a 
gas furnace. More than 80% of the adult sample used or were near soaps 
or detergents. For other potential pollutant sources, the figures are: 
37% personal care aerosol products, 27% cleaning agents, 12% solvents, 
7% pesticides, 7% glues or adhesives, 5% latex paints and 5% oil-based 
paints. 
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T*bl« 3.11 

PERCENTAGES OF RESPONDENTS REPORTING USE, 
PROXIMITY, POTENTIAL POLLUTANT SOURCES 

ADULTS {18+) ADOLESCENTS 


Have attached garage at home 

62% 


Work with gas stoves, ovens 

5 

1 

Work with open flames 

6 

2 

Work with solvents, chemicals 

20 

6 

Work with dust particles 

25 

13 

Work with gasoline, diesel fuel/equipment 

20 

5 

Work with other pollutants 

11 

2 

USED OP WFP.E NEAP 

Vehicle in attached garage 

37 

— 

Smoked cigarette 

22 

6 

(Smoked > 10 cigs) 

12 

2 

Smoked cigar/pipe 

1 



Gas station, auto repair, parking garage 

26 

33 

(Station > 10 min.) 

7 

3 

Pumped or poured gasoline 

¥ 

16 

12 

In room with gas stove/oven on 

39 

50 

(Time > 10 min.) 

30 

30 

Gas heat on 

27 


(All heat on «= 40%) 



Glues, adhesives 

7 

14 

Oil-based paints 

5 

5 

Water-based (latex) paints 

5 

5 

Solvents 

12 

12 

Pesticides 

7 

5 

(Pesticides-indoors) 

5 

4 

Soaps, detergents 

83 

79 

Cleaning agents 

27 

25 

Personal care aerosols 

37 

66 

Hot shower 

78 

74 

Hot bath, hot tub 

11 

17 

Mothballs 

10 


Toilet deodorizers 

27 

— 

Seented room fresheners 

31 



* Less than 0.5 percent per day 
- Data unavailable 
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* About 8 0% of the sample reported talcing a hot shower or bath on 

► 

the diary day, mostly as showers. Use of scented room fresheners in the 
house was reported by 31% of the adult sample, of toilet deodorizers by 
27% and of mothballs by 10%. 

Among adults, some 5% reported working (once a week or more often) 
with gas stoves or ovens, 6% with open flames, 20% with solvents or 
chemicals, 25% with dust particles, 20% with gasoline or diesel 
vehicles/equipment, and 11% with other pollutants. These proportions 
were all lower for adolescents aged 12-17, being about half to a fifth 
as high as for adults. For examples, thirteen percent of all 
adolescents reported working with dust particles and about 5% with 
solvents or chemicals, or with gasoline/diesel vehicles/equipment on 
the job. 



Activities involving use of hot water were of interest because of 
the potential for inhalation of chlorinated hydrocarbons from 
chlorinated water. More than three-quarters of adults (78%) reported 
taking a hot shower on the diary day, and 74% of adolescents. Fewer 
respondents (11% of adults and 17% of adolescents) reported taking a hot 
bath or being in a hot tub. 

With regard to ventilation of the home, 75% of adults in the 
sample said they kept the windows in their home open at some point 
during the diary day. The estimated average amount of time that the 
window was open was 446 minutes (7.4 hours) between 6 a.m. and 6 p.m. 
and 385 minutes (6.4 hours) between 6 p.m. and 6 a.m. In addition 24% 
used a fan during the day and 11% used an air conditioner (of which more 
than half, or 6%, used a refrigeration-type air conditioner). 




Source: httpsj/www.industrydocuments.ucsl.edu/docsrt 





Gender_and 


Status : 


Differences within gender and 


employment categories in response to these ancillary questions are shown 
in Table 3.12. In terms of use of or proximity to possible pollution 
sources during general work time on the job (not only yesterday) , 
employed men are significantly more likely to report potential exposure 
than are employed women. The largest significant differences are found 
for potential exposure to gasoline or diesel vehicles/equipment (43% 
men, 12% women), to solvents or chemicals (37% men, 20% women), to open 
flames (11% men, 5% women) and to gas stoves/ovens (9% men, 6% women) . 
A nonsignificant gender difference is found for ''other 1 ' potential 
pollutant sources at work (17% men, 15% women). 

Turning to the use of or proximity to potential pollutant sources 
"yesterday,” employed men and women engaged in such activities more 
often than non-employed men and women. Cigarette smoking was 
significantly higher among men. Significantly higher proportions of 
men and employed persons reported being at auto repair shops/gas 
stations/parking garages or pumping or pouring gas than women and 
unemployed persons, and the proportion who pumped gasoline was more than 
twice as high among men (23%) than among women (9%) . Differences in 
proximity to operating gas ovens and stoves were not significant across 
gender or employment status. 

In terms of use of or proximity to such potential pollutants as 
glues and personal care aerosols, significant differences were found 
across gender and/or employment status for all products except 
pesticides. Men, both employed and non-employed, used or were near oil- 
based paints more than women, and employed men used or were near water- 
based paints more than women. Employed men (20%) and employed women 
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Table 3.12: Percent! 


in Response* to Ancillary Questions 


by Gender and Employment Statu* (Adult Respondents) 


GENERAL 

Attached garage 

at home 

Not 

Enroloved 

50% 

HEN 

Emoloved 

63% 

TOTAL 

60% 

Not 

Emoloved 

61% 

WOMEN 

Enroloved 

64% 

TOTAL 

63% 

j 

WORK WITH: 

Gas stoves,ovens 

NA 

9 

7 

NA 

6 

4 

b 

Open flames 

NA 

11 

9 

NA 

5 

3 

b 

Solvents,chemicals 

NA 

37 

28 

NA 

20 

12 

b 

Dust particles 

NA 

42 

32 

NA 

30 

17 

b 

Gasoline or diesel 

vehicles/equipment 

NA 

43 

34 

NA 

12 

7 

b 

Other pollutants 

NA 

17 

13 

NA 

15 

9 


OR WERE NEAR YESTERDAY 

Vehicle in 

attached garage 27 

39 

36 

40 

38 

39 

c 

Smoked cigarette 

31 

22 

24 

18 

22 

20 

b, c 

Smoked cigar/pipe 

2 

1 

1 

* 

* 

* 

b, c 

Auto repair/gas station/ 
parking garage 

22 

33 

31 

14 

25 

21 

a, b 

Pumped or poured gas 

15 

25 

23 

4 

12 

9 

a, b 

Gas stove/oven on 

45 

37 

39 

40 

40 

40 

NS 

Gas heat on_ 

28 

25 

25 

29 

27 

28 

NS 

Any heat 

37 

33 

34 

42 

40 

40 

b 

i 

Glues,adhesives 

5 

7 

7 

5 

8 

6 

\ 

a 

Oil-based paints 

6 

8 

8 

1 

2 

1 

b 

Water-based paints 

2 

8 

7 

3 

4 

3 

a, b 

Solvents 

7 

20 

17 

3 

9 

7 

a, b 

Pesticide s 

8 

8 

8 

8 

6 

7 

NS 

Soap,detergent 

76 

83 

81 

83 

85 

84 

a, b 

Cleaning agent 

14 

17 

17 

36 

37 

36 

b 

Personal care aerosols 

25 

28 

X 28 

38 

51 

45 

a, b 

Hot shower 

72 

86 

83 

64 

80 

73 

a, b 

Hot bath,tub 

7 

10 

9 

14 

11 

12 

b 

Mothba11s 

12 

9 

9 

15 

8 

11 

a 

Toilet deodorizers 

39 

28 

31 

26 

22 

24 

a, b 

Scented room fresheners 

33 

27 

28 

33 

33 

33 

b 




* Less than 0.5 percent 
NA * Not Applicable 


a 

b 

c 

NS 


significant at .05 level for employment 
significant at .05 level for gender 

significant at .05 level for the interaction between gender and employment status 
not significant at .05 level 
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Chapter III. General Results 

(9%) used or were near solvents more than non-employed men (7%) and non- 
employed women (3%) . In contrast/ women were more likely to use or be 
near soaps and detergents (84%) than men (81%) and also more likely to 
be near cleaning agents and personal care aerosols than were men. 

Women (12%) were significantly more likely than men (9%) to have 
taken hot baths or hot tubs. Use of mothballs was higher among the non- 
employed than the employed; use of toilet deodorizers was higher among 
non-employed men than other gender-employment groups and use of scented 
room fresheners was reported more by women (33%) than by men (28%) . 

Age: Table 3.13 shows several differences in levels of potential 

exposure by age. For example, it can be seen that potential exposure to 
solvents on the diary day is highest among men age 25-34 and women in 
the age 35-44 group (19% and 12% respectively), and lowest in the 65 and 
over age group. 

Because of their lower employment rates, those aged 65 and over 
report far lower levels of potential exposures at the workplace. Even 
with their lower employment rates, however, about a fifth (13-21%) of 
those aged 55-64 report use of or proximity to solvents or chemicals, to 
dust particles, and to gasoline or diesel vehicles/equipment. Younger 
men report higher levels of proximity to these sources than older men; 
those aged 25-34 and 35-44 report higher levels of proximity to dust 
particles and other sources. Among women, reported proximity at the 
workplace is more level with age, with the exception of the higher 
exposure to solvents or chemicals, dust particles, gasoline or diesel 
vehicles/equipment, and other pollutants among the 35-44 age groups; 
these differences may also reflect higher employment rates in this age 
group. 
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T*bl« 3.13: PERCENTAGES RESPONDING YES TO ANCILLARY QUESTIONS 

BY AGE AND GENDER (Adult Respondents) 

KEN WOKEN 

Age 18-24 25-34 35-44 45-54 55-64 65+ 18-24 25-34 35-44 45-54 55-64 65 + 

GENERAL 

Attached Garage 49% 60% 68% 67% 56% 58% 55% 63% 73% 66% 63% 56% 

WORK WITH: 


Gas stoves,ovens 

13 

6 

6 

8 

8 

* 

5 

3 

3 

7 

* 

5 

z.z 

Open flarr.es 

13 

9 

12 

8 

3 

2 

5 


5 

4 

* 

5 

a 

Solvents,chemicals 

32 

36 

30 

28 

21 

2 

15 

13 

19 

11 

5 

2 

a 

Duse particles 

Gasoline or diesel 

37 

43 

43 

26 

13 

j 

21 

17 

27 

24 

10 

* 

a 

vchicies/equipment 

38 

29 

44 

34 

17 

4 

11 

5 

14 

8 

2 


a 

Other pollutants 

6 

22 

16 

9 

5 

2 

11 


12 

8 

3 

2 



USED OR WERE NEAR YESTERDAY 


Vehicle in 


attached garage 

30 

38 

38 

34 

38 

40 

36 

37 

41 

44 

41 

34 

NS 

Smoked cigarette 

27 

21 

26 

22 

26 

20 

27 

22 

14 

21 

20 

17 

NS 

Smoked cigar/pipe 

Auto repair/gas station/ 

w 

* 

« 

4 

2 

6 

• 

» 

* 

• 

« 

* 

a 

parking garage 

28 

37 

29 

28 

34 

20 

26 

20 

26 

24 

14 

10 

a,: 

Pumped or poured gas 

22 

28 

23 

18 

27 

11 

12 

8 

12 

7 

6 

5 ^ 


Gas stove/oven on 

46 

44 

38 

28 

38 

24 

34 

40 

45 

25 

38 

45^| 

.J 

Gas heat on 

27 

24 

24 

26 

20 

38 

19 

27 

32 

27 

30 

35 

Any heat 

36 

32 

34 

38 

24 

46 

43 

42 

37 

36 

42 

45 

K 

Glues,adhesives 

8 

10 

7 

4 

3 

3 

b 

4 

11 

9 

4 

2 

a 


Oil-based paints 

10 

11 

5 

6 

6 

6 

2 

1 

2 

2 

1 

x 

1 

» 

Water-cased paints 

8 

10 

4 

4 

8 

2 

; 

4 

6 

4 

2 

2 


Solvents 

18 

21 

16 

14 

19 

4 

6 

7 

12 

8 

6 



Pesticides 

4 

7 

11 

6 

9 

10 

8 

6 

8 

18 

4 

l 

c 

Soap,cetergent 

81 

84 

73 

84 

90 

76 

70 

84 

90 

84 

90 

86 

a 

Cleaning agent 

18 

14 

19 

19 

14 

16 

33 

37 

4 C 

42 

36 

25 

* 

Personal care aerosols 

44 

22 

26 

26 

30 

18 

71 

42 

50 

37 

38 

32 

A, 

Hot shower 

88 

85 

89 

84 

78 

55 

86 

76 

77 

72 

69 

54 

a, 

Hot bath,tub 

11 

10 

11 

4 

7 

12 

10 

13 

9 

13 

12 

15 

N£ 

Mothballs 

3 

6 

6 

11 

15 

29 

6 

3 

8 

18 

15 

21 

a 

Toilet deodorizers 

38 

22 

25 

29 

44 

42 

34 

19 

21 

20 

24 

29 

a. 

Seemed room fresheners 

34 

28 

24 

24 

27 

35 

43 

30 

32 

28 

36 

33 

b 


* Less than 0.5 percent 
a « significant at .05 level for age 

b - significant at .05 level for gender 

c * significant at .05 level for the interaction between gender and age 

NS - not significant at .05 level 
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Chapter III. General Results 


In terms of "yesterday" use or potential exposure, age differences 
in cigarette smoking are insignificant. Smoking of cigars and pipes, 
however, is highest among men aged 65 and over (6%), as well as men aged 
45-54 (4%), but is almost non-existent among younger men and among women 
of all age groups. 

Spending time at auto repair shops/gas stations/parking garages is 
higher among younger people and among men, ranging from 37% among men 
aged 25-34 to 10% among women aged 65 and over. The figures for pumping 
or pouring gasoline are also higher among young people, and are also 
about twice as high among men than women in all groups. 

Being near operating gas stoves/ovens is not significantly 
different across age or gender groups, but these two factors show a 
significant interaction. Gender differences in potential exposure to 
any heating appliance are significant, with somewhat higher rates among 
women. 

For many common sources of air pollution found in home or work 
environments, there are significant differences in potential exposure 
across age groups. Significant age differences are found with respect 
to potential exposure to glues, solvents, soaps and detergents, personal 
care aerosols, hot showers, mothballs and toilet deodorizers. In one 
case - for potential exposure to mothballs - the percentages tend to 
increase steadily with increasing age. In most instances, however, one 
or two age groups show elevated exposures relative to the other age 


Region : The first row of the regional differences shown in Table 
3.14 shows that having an attached garage is eleven percentage points 
higher in the San Francisco Bay area (70%) than in the South Coast 
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Table 3.14 


DIFFERENCE IN RESPONSES TO ANCILLARY QUESTIONS BY REGION (Adult Respondent*) 


South Coast 

Reoion 

S.F. Bay 

Area 

Other areas 

of State 


GENERAL 

Attached garage at home 

59% 

70% 

59% 

Sig 

WORK WITH: 

Gas stoves,ovens 

5 

5 

6 

NS 

Open flames 

4 

7 

7 

NS 

Solvents, chemicals 

21 

17 

21 

NS 

Dust particles 

22 

25 

27 

NS 

Gasoline or diesel vehicles/equipment 

21 

18 

21 

NS 

Other pollutants 

9 

13 

11 

NS 

USED OR WERE NEAR YESTERDAY 

Vehicles in attached garage 

35 

40 

38 

NS 

Smoked cigarette 

21 

23 

22 

NS 

Smoked cigar/pipe 

* 

* 

1 

NS 

Auto repair/gas station/parking garage 

30 

22 

22 

Sig 

Pumped or poured gas 

19 

11 

14 

NS 

Gas stove/oven on 

49 

31 

33 

Sig 

Gas heat o_n 

24 

31 

27 

NS 

Any heat 

30 

42 

42 

Sig 

Glues, adhesives 

5 

9 

6 

NS 

Oil-based paints 

4 

5 

5 

NS 

Water-based paints 

5 

5 

6 

NS 

Solvents 

14 

10 

10 

NS 

Pesticides 

7 

9 

7 

NS 

Soap, detergent 

82 

84 

82 

NS 

Cleaning agent 

23 

29 

30 

NS 

Personal care aerosols 

36 

37 

37 

NS 

Hot shower 

84 

73 

75 

Sig 

Hot bath,tub 

9 

14 

12 

NS 

Mothba11s 

10 

10 

10 

NS 

Toilet deodorizers 

30 

23 

27 

Sig 

Scented room fresheners 

34 

28 

29 

NS 

* Less than 0.5 percent 

NS * Difference between regional 
Sig- Difference between regional 

groups not statistically significant at 
groups statistically significant at .05 

.05 level. 

level. 
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Chapter III. General Results 

Region and other areas of the state (59%), and these differences are 
statistically significant. However, there are no significant regional 
differences in using an attached garage on the diary day. 

No significant differences are found for potential exposure to 
most of the work pollutants by region of the state; however, the 
prevalence of being at auto repair shops/gas stations/parking garages 
"yesterday" is higher in the South Coast Region than in the other two 
areas of the state. Use of a gas stove/oven, taking a hot shower, and 
using mothballs are also higher in the South Coast Region, but use of 
gas furnaces or any heat source is lower than average. 

Season : Differences in exposure by season of interview are shown 

in Table 3.15. There were significant differences by season in 
potential exposure to solvents and chemicals at work, but there were no 
significant seasonal differences with respect to other potential 
exposures at work. 

With respect to potential exposures "yesterday", use of gas heat 
varied significantly over the seasons, being highest in winter (52%) and 
lowest in summer (2%) . By far the largest and most seasonally-related 
difference occurs for use of any home heating which reaches a peak in 
the winter months at 7 6% daily use and is only 4% during the summer 
months. 

There were significant seasonal differences with respect to use 
of, or proximity to, pesticides, hot showers, and scented room 
fresheners. Being near pesticides is higher in the summer as compared 
with other seasons. Hot shower use is lowest in the spring and summer 
months . Use of scented room fresheners is highest in the fall and 
winter months. 



jcsI.edu/docs/hkbjOOC 
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Table 3.15 


DIFFERENCE XN RESPONSES 

Fall 

(445) 

TO ANCILLARY QUESTIONS 

Winter 

(426) 

BY SEASON 

Spring 

(267) 

(Adult Respondents) 

Summer 

(458) 


GENERAL 

Attached garage 

56% 

61% 

67% 

63% 

NS 

WORK WITH: 

Gas stoves,ovens 

6 

3 

8 

6 

NS 

Open flames 

4 

5 

8 

7 

NS 

Solvents, chemicals 

20 

14 

22 

23 

Sig 

Dust particles 

22 

25 

24 

27 

NS 

Gasoline or diesel vehicles/equipment 

18 

21 

22 

20 

NS 

Other pollutants 

USED OR WERE NEAR YESTERDAY 

9 

10 

11 

13 

NS 

Vehicles in attached garage 

38 

35 

37 

39 

NS 

Smoked cigarette 

22 

23 

17 

27 

Sig 

Smoked cigar/pipe 

* 

* 

1 

* 

NS 

Auto repair/gas station/parking garage 

27 

22 

29 

24 

NS 

Pumped or poured gas 

16 

13 

18 

15 

NS 

Gas stove/oven .on 

50 

39 

34 

33 

NS 

Gas heat ori 

32 

52 

22 

2 

Sig 

Any heat 

42 

75 

28 

3 

Sig 

Glues, adhesives 

8 

7 

5 

6 

NS 

Oil-based paints 

5 

4 

4 

5 

NS 

Water-based paints 

5 

5 

5 

6 

NS 

Solvents 

12 

9 

12 

14 

NS 

Pesticides 

8 

5 

6 

11 

Sig 

Soap,detergent 

85 

82 

81 

84 

NS 

Cleaning agent 

28 

25 

25 

30 

NS 

Personal care aerosols 

37 

41 

36 

33 

NS 

Hot shower 

80 

84 

76 

73 

Sig 

Hot bath,tub 

12 

11 

11 

10 

NS 

Mothballs 

12 

9 

10 

9 

NS 

Toilet deodorizers 

26 

31 

27 

25 

NS 

Scented room fresheners 

38 

38 

25 

23 

Sig 

* Less than 0.5 percent 

NS « Difference between seasons not statistically significant at .05 level. 

Sig= Difference between seasons statistically significant at .05 level. 
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4 . The Presence of Others Smoking- 


Results 


The final feature of each diary entry concerned the presence of 
other .persons smoking during the activity. Unlike the earlier tables in 
this chapter, data here refer to episodes and not individuals and the 

data ar e not ■.weighted_£££_season_CLE_samplin g probabilities . Of the 

36,918 activities that were reported in the diaries, the answer "yes” 
(smoker was present) was reported for 3404 activities or about 9% of 
them. The mean length of time per episode for those 3404 activities 
with others smoking was 84 minutes. Based on weighted data, some 61% of 
adults and 70% of adolescents were in the presence of others smoking on 
the diary day. For such persons, the mean time for all activities with 
others smoking was 294 minutes for adults and 228 minutes for 
adolescents. In addition, 22% of the adult sample said they had 
themselves smoked on designated day, and 12% had smoked more than 10 
cigarettes; cigar and pipe smoking on the diary day was reported by less 
than 1% of the respondents. 

Location. Difference : Variations in presence of others smoking by 

the location of activity are shown in Table 3.16. The first column 
shows the total number of episodes in each location across all 

respondents, and the second column the number of episodes with the 
presence of others smoking. The third column shows the percentage 
involved, that is the number in column 2 divided by the number in column 
1. Thus there were a total 4050 diary activities that took place in a 
kitchen and 218 in the presence of others smoking, which works out to an 
overall proportion of 5%; this is below the overall average of 9% across 
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T*bl* 3.16 

ACTIVITIES AND EPISODES WITH OTHERS SMOKING AT VARIOUS 


(Unweighted. Data) 


Number of 

Activity 

Episodes 


Activity 
Episodes with 
Others Smokin 


% of 

Episodes with 
Others Smokin 


Mean Time 
per Episode (i 
minutes per da 


AT HOME 


1. Kitchen 

4050 

218 

5% 

44 

2. Living Room 

4653 

442 

9 

88 

3. Dining Room 

965 

57 

6 

52 

0 

4. Bathroom 

2308 

29 

1 

27 

5. Bedroom 

5962 

122 

2 

125 

6. Study 

171 

13 

8 

99 

7. Garage 

239 

12 

5 

83 

8. Basement 

13 

2 

15 

0 

9. Utility Room 

143 

2 

1 

53 

10.Pool,spa 

41 

2 

5 

60 

11.Yard 

964 

60 

6 

70 

12.Room to Room 

679 

41 

6 

72 

13.Other HK Room 

155 

9 

6 

11 

AWAY 

21.Office 

841 

188 

22 

153 

22.Plant 

340 

125 

37 

173 

23.Grocery Store 

522 

54 

10 

108 

24 .Shopping Mall 

755 

120 

16 

86 

25.School 

931 

74 

8 

80 

26.Other Public Places 

245 

62 

25 

135 

27.Hospital 

284 

37 

13 

133 

2 8.Restaurant 

778 

327 

42 

68 

29.Bar-Nightclub 

133 

104 

78 

99 

30.Church 

155 

2 

1 

85 

31.Indoor Gym 

127 

7 

5 

116 

32.Others Home 

1495 

323 

22 

84 

33.Auto Repair 

315 

63 

20 

105 

34.Playground 

248 

51 

21 

120 

35.Hotel-Motel 

99 

12 

12 

112 

36.Dry Cleaners 

10 

1 

10 

580 

37.Beauty Parlor 

49 

9 

18 

iNS L 3 8 

38.At varying locations 

38 

10 

26 

O 189 

39.Other Indoor 

205 

67 

33 

CH 99 

40.Other Outdoor 

793 

180 

23 

^ 97 

o© 


05 
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Table 3.16 (Continued) 

ACTIVITIES AND EPISODES WITH OTHERS SHOKINC AT VARIOUS LOCATIONS (Unweighted Date) 



Number of 

Activity 

Episodes 

Activity 

Episodes with 

Others Smokinq 

% of 

Episodes with 

Others Smokinq 

Mean Time 

per Episode (in 

minutes per dav) 

TRAVEL 





51. Car 

5420 

323 

6 

33 

52.Van 

1152 

103 

9 

36 

53.Walking 

1080 

115 

11 

15 

54.Bus Stop 

75 

11 

15 

27 

55.Bus 

111 

8 

7 

177 

56.Rapid Train 

17 

2 

12 

243 

57.Other Truck 

74 

4 

5 

16 

58.Airplane 

18 

4 

22 

61 

5 9.Bicycle 

133 

5 

4 

31 

60.Motorcycle 

66 

2 

3 

43 

61.Other transoortation 

* 

22 

2 

9 

33 

99.Unknown location 

49 

5 

10 

266 

TOTAL 

36918 

3404 

9 

84 
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all locations and indicate that kitchens are relatively unlikely places 

♦ 

for others smoking. 

Locations with the highest percentage of episodes with the 
presence of others smoking were bars and nightclubs (78%), restaurants 
(42%), plants/factories (37%), other indoor (33%), and other public 
places (25%) . A low incidence of others smoking was reported in 
bathrooms and utility rooms in the home (1%) or at churches in away- 
from-home locations. Only 2% rates were reported in bedrooms. 

The final column in Table 3.16 shows the average length of time in 
locations with others smoking. Outside of the single lengthy episode of 
one respondent at a dry cleaners, the highest times per episode are for 
traveling on a train (243 minutes), moving around at work/other 
locations (189 minutes), working at a plant (173 minutes), traveling on 
buses (177 minutes), working in an office (153 minutes) and being in a 
hospital or other public places (133 and 135 minutes). This may be as 
much a function of the length of the activity episodes that take place 
in these locations as of the smoking habits at the locations themselves. 
The same is true for the lowest average figures: other travel (16 
minutes), walking (15 minutes), bus stop (27 minutes), and 

motorcycle/bicycle travel (31-43 minutes). 

Activity Differences : There are also pronounced differences in 

the presence of others smoking by type of activity. Organized in the 
same manner as Table 3.16, Table 3.17 first shows the number of episodes 
of each of the 26 types of activities (cf. Table 2.5), and then the 
number of episodes with others smoking. The third column shows the 
proportion of episodes in the presence of others smoking; as, for 
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Tail* 3.17 

EPISODES WITH OTHERS SMOKING FOR VARIOUS ACTIVITIES (Unweighted data) 


Number of 

Activity 

Episodes 


Activity 
Episodes with 
Others Smoking 


% of Time per 

Episodes with Episode (in 

Others Smoking _ minutes per day) 


1. Eating 

3929 

592 

15% 

49 

2. Sleeping 

3507 

59 

2 

250 

3. Working 

1761 

459 

26 

211 

4. Cooking 

2174 

113 

5 

35 

5. House cleaning 

1481 

61 

4 

58 

6. Yard work 

580 

25 

4 

89 

7. Dry cleaners 

11 

0 

0 

0 

8. Travel 

8169 

585 

7 

32 

9. Car repair 

283 

32 

11 

28 

10.Animal care 

346 

9 

3 

28 

11.Child care 

1049 

74 

7 

51 

12 .Shopping 

1018 

125 

12 

62 

13.Services 

43 

5 

12 

88 

14.Errands 

476 

37 

8 

36 

15.Personal care 

3925 

87 

2 

33 

16.Education 

1033 

49 

5 

80 

17.Active Sports 

469 

29 

6 

82 

18.Outdoor Recreation 

201 

52 

26 

152 

19.Hobbies 

121 

9 

7 

55 

20.Singing/dancing 

65 

19 

29 

89 

21.Cultural events 

157 

48 

31 

136 

22 .Socializing 

1716 

365 

21 

80 

23.Bar and lounges 

77 

64 

83 

79 

24 .Electronic media 

2681 

320 

12 

108 

25.Reading,writing 

1476 

108 

7 

56 

2 6.Other 

170 

78 

46 

18 
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example, 15% of eating episodes, making that an above average activity 

♦ 

with respect to others smoking. 

Again the highest level of others smoking in Table 3.17 is for 
activities at bars and lounges (83%). About half (47%) of activities in 
the "other" category (mainly consisting of employment-seeking 
activities) were in the presence of others smoking and the rates for 
cultural events (mainly movies), singing and dancing, outdoor 
recreation, working and socializing were also well above average -- 
between 21% and 31% — vs. 9% for all activities. Low rates exposure 
occasions included such "solo" activities as sleeping (2%), grooming and 
personal care (2%), animal care (3%), education (5%), yard work (4%) and 
house cleaning (4%). 
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1. Highlights of Some Main Findings 

.In this first study of how residents of the state of California 
use time, several time estimates and measurements were obtained and some 
initial tabulations have been presented in the previous chapters. We 
present some of the estimates relevant to potential for exposure to 
pollutants below: 

1) Average time in varying locations : On average, nearly 21 
hours per day (87% of the time) was spent indoors, and 71% 
of that time was spent in the home. Less than two hours per 
day (or about 5% of time) was spent outdoors, although that 
figure reaches nearly 11% of time for men aged 55-64. 
Outdoor time was mainly spent in one's yard, patio or 
pool/spa (28 minutes per day), in parks (12 minutes) and 
walking (10 minutes) . Some 8% of Californians' time was 
spent in travel (82% of this in cars or vans) . 

2) Aver age ■.■.time in varying activities : Total average time 

spent cooking was 38 minutes per day for the whole sample, 
but 58 minutes per day for women and 74 minutes per day for 
women not in the paid labor force. Time spent house 
cleaning was 34 minutes for the whole sample, 53 minutes for 
women and 66 minutes for women not in the paid labor force. 
Mean time spent socializing at bars and lounges was 4 
minutes overall, 6 minutes among employed men and 13 minutes 
among men aged 18-24. 
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Chapter IV. Discussion of Major Results 


On the average diary day, 504 minutes were spent 

4 

sleeping, 89 minutes eating meals, and 50 minutes in 
personal hygiene and personal care. On the average, 
respondents spent 194 minutes working, 109 minutes 
traveling, 34 minutes doing housecleaning and 25 minutes 
shopping. Free time included electronic media time (143 
minutes), socializing (56 minutes), reading (48 minutes) and 
playing active sports (16 minutes). Among respondents aged 
12-17, 687 minutes were spent on eating, sleeping and 

personal care. Other activities included attending school 
and doing homework (197 minutes), using the electronic media 
(174 minutes), socializing (91 minutes), housecleaning and 
shopping (26 minutes), and playing active sports and 
recreation (53 minutes); adolescents spent 105 minutes per 
day traveling. 

3) Time■in the.presence of others smoking : Based on weighted 
data, about 62% of adults and adolescents of Californians 
were in the presence of others smoking during the diary day. 
For such persons, the average duration of all activities 
with others smoking was 286 minutes per day, or about 33 
hours per week. Based on unweighted counts of diary episodes 
where others smoking were present, the locations with the 
highest rates of others smoking included bars and nightclubs 
(78%), restaurants (42%), work locations (office and plant) 
(27%), other public places (25%), and parks and playgrounds 
(21%) . The activities associated with above average rates 
of others smoking were drinking and socializing at bars and 
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Chapter IV. Discussion of Major Results 


lounges (83%), attending cultural events (31%), engaging in 
outdoor recreation (26%), and dancing and singing (29%). 

In addition, based on weighted data, 22% of adult 
Californians reported smoking on the designated day, and 12% 
smoked more than 10 cigarettes; cigar and pipe smoking on the day 
was reported about 1% of the adult sample. 

4) The following percentage of California adults reported they 
were near or used the following products: 


Soaps, detergents 83% 

Hot showers 78% 

Gas stoves/ovens on 39% 

Vehicle in attached garage 37% 

Personal care aerosols 37% 

Scented Room fresheners 31% 

Cleaning agents 27% 

Gas heat on 27% 

Toilet deodorizers 27% 

Auto repair/gas 

station/parking garage 26% 

In addition, 12% were near solvents, 10% were near 
mothballs, 11% had taken a hot bath or hot tub and 16% had pumped 
or poured gasoline on the day; another 7% reported being near 
pesticides. Some 7% had been near or used glues or adhesives, 5% 
water-based paints and 5% oil-based paints, with 5% near 
pesticides used indoors during the day. 
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Chapter IV. 


Discussion of Major Results 


The fact that 87% of the time of the average California adult or 
adolescent is spent indoors, and 71% of the indoor time is time in the 
home, suggests that careful study of the potential pollutant sources in 
indoor environments is a major priority. On an average day, large 
proportions of Californians use, or are near to, potential sources of 
pollutants in the home, as they engage in the normal course of 
activities related to cooking and eating, personal care, and maintaining 
the household. The estimates of time use and prevalence of proximity to 
pollutants reported herein, should provide a basis for evaluating the 
relative importance of indoor exposures in the daily lives of California 
residents. 

Tobacco smoke is an ubiquitous source of air pollution in many 
California environments. Although an individual’s exposure is strongly 
dependent on the locations that he or she frequents, a sizable fraction 
of the non-smoking California population is at risk of passive exposure 
for part of their day. Over longer durations, say a week or more, the 
population prevalence of some degree of passive exposure to tobacco 
smoke must be quite high. Although the 24-hour diary data surely 
underestimate such potential exposure for individuals, average rates and 
percentages for activities and locations provide a relatively accurate 
picture of the environments where passive exposure is most prevalent. 

The average Californian adult or adolescent spends almost two 
hours per day (111 minutes) traveling from one location to another. Not 
surprisingly, most of the travel time (82%) is spent in automobiles or 
vans. California exceeds the national average in this respect (see 
below), mostly due to greater travel time connected with non-work 
activities. Thus potential exposures to pollutant sources connected 
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Chapter IV. Discussion of Major Results 


with automobile travel may be somewhat higher in California than- in the 
nation as a whole. 

2 . Comparisons .. t^National~Lev.el_Da.ta : 

As noted at the outset of this report, the field and design 
procedures that were employed were largely based on earlier national 
studies. Table 4.1 compares the results for activities of the 
California study for respondents aged 18 and over with those from the 
aged 18 and over portion (n = 5488) of the 1985 national study from the 
University of Maryland’s Americans 1 Use of Time Project. These data are 
for all adults, male and female, over the age of 18 for the two data 
sources -- shown in minutes per day. Significant differences between 
the two samples at the .05 level are noted with an asterisk. 

It needs to be noted at the outset that the University of Maryland 
study, as with earlier national studies, concentrated mainly on 
activities and not on locations. In fact, the location data for this 
national study have yet to be formatted for straightforward analysis, so 
that a table parallel to Table 4.1 for location cannot be constructed at 
this time. Moreover, the location codes are far less detailed for the 
1985 national data than for the present data. For example, time spent 
outdoors was not clearly differentiated for many activities and mode of 
transportation for travel activities was not recorded. Thus, the data 
for California stand alone as the first to estimate these facets of 


human activity 

patterns. 

However, 

time spent 

in 

travel 

can be 

calculated, for 

the national 

data and. 

as we shall 

see. 

it is 

somewhat 


higher in California than nationally. 

It also needs to be noted that certain modifications in the 
activity code were introduced into the California study, so that certain 
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4.1: 


Cl 


02 

03 

04 


work 


00-49 NON -FREE TIKE 
CC-09 PAID WORK 

r. - 

CO (not used) 

01 Main 30 b 
02 Unemployment 
03 Travel curing work 
04 (not used) 

05 Secor.c job 
06 Eating 

03 3efore/after work 
08 Breads 

09 Travel to/from work 

10-19 HOUSEHOLD WORK 

*10 Food treoaraticn 

* * 

11 Meal cieanuo 

# 

*12 Cleaning house 
13 Outdoor cleaning 
*14 Clothes care 


California 
1 987-88 
(1579) 


(in minute 
Nationa1 
1985-87 
(5488) 


ZS BETWEEN ABB AND NATIONAL S' 
r day for ag* 18' r ) 

50-69 FREE TIME 
50-£9 EDUCATION AND TRAINING 


UDIES 


205 

1 

7 


193 

1 

NR 


3 

5 

1 

2 

26 


3 

7 

2 

3 

22 


SO 

11 

21 

9 


15 Car re pa 1 r/ma inter, an ce (by R) 5 

15 Other repairs (by R) 8 

17 Plant care 3 

18 Animal care 3 

19 Other household 7 

20-29 CHILD CARE 

20 Baoy care 3 

21 Child care 6 

22 Helpir.g/teaching 2 

23 Talkir.g/reading 1 

24 Indoor playing 2 

25 Outdoor playing 2 

26 Mecicai care - child 0 

27 Other child care 2 

29 At Dry cleaners 1 

29 Travel, child care 3 

30-39 OBTAINING GOODS AND SERVICES 


30 Everycay shopping 9 


41 

11 

29 

8 

11 

NR 

9 

4 

ft 

4 

14 


2 

NR 

4 


50 Students' classes 

51 Other classes 

52 (not used) 

53 (not used} 

54 Homework 

55 Library 

56 Other education 

57 (not used) 

58 (not used) 

59 Travel, education 

60-69 ORGANIZATIONAL ACTIVITIES 


60 Professionai/union 

61 Soecial interest 

ft 

62 Political/civic 

63 Volunteer/helping 

64 Religious groups 
*65 Religious practice 

66 Fraternal 

57 ChiId/youth/family 

68 Other organizations 

69 Travel, organizations 

70-79 ENTERTAINMENT/SOCIAL ACTIVI 

70 Sports events 

*71 Entertainment, events 

72 Movies 

73 Theatre 

74 Museums 
*75 Visiting 

76 Parties 

77 3ars/lounces 

78 Other social 

79 Travel, event- 'social 
B0-89^ RECREATION 

80 Active spcrts 


Cali f-o rma 
1987-88 
(1579) 

8 


1 

25 

6 

4 

1 

13 


National 
: 935-Q7 
(5488) 

6 

2 


2 

1 

4ft 

1 

31 

5 


16 


31 

Duraole/house shop 

18 

17 

81 Outdoor 

3 


c 

** 

32 

Personal services 

l 

1 

82 Walking/hiking 

5 


5 

3 3 

Mecicai appointments 

3 

2 

83 Hobbies 

1 


* 

1 

34 

Govt/financial service 

3 

2 

*84 Domestic crafts 

4 


9 

35 

Car repair services 

* 

NR 

85 Art 

C 


• 

36 

Other repair services 

0 

3 

86 Music/arama/cance 

3 


2 

37 

Other services 

2 

1 

87 Games 

5 


8 

38 

Errands 

1 

1 

88 Computer use 

3 


3 

*39 

Travel, goods and services 

24 

19 

89 Travel, recreation 

5 


5 

4 0-49 PERSONAL NEEDS AND CARE 



90-99 COMMUNICATION 




40 

Washing, etc. 

20 

23 

90 Radio 

2 


3 

*41 

Medical care 

4 

1 

91 TV 

131 

0 

139 

42 

Help and care 

4 

4 

92 Records/taoes 

• 

2 


1 

*43 

Meals at home 

47 

54 

93 Read books 

5 

<2 

7 

*44 

Meals out 

27 

19 

*94 Reading magazines/other 

17 

bo 


45 

Night sleep 

480 

465 

95 Reading newspaper 

11 

ic 

* * 

46 

Naps/cay sleep 

17 

19 

•96 Conversations 

15 

era 

24 

47 

Dressing, etc. 

16 

25 

97 Writing 

9 

0 

5 

*48 

N.A. activities 

2 

15 

98 Think, relax 

9 

CO 

05 

11 

•49 

Travel, personal care 

21 

12 

*99 Travel, communication 

4 

v. 

NR 

- Not recorded 







* D 

ifference between California 

and national 

data 

comparable and statistically significant 

at t 

he .05 

level. 


n 
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Chapter IV. Discussion of Major Results 

comparisons cannot be made in a straightforward manner. In Table 4.1, 
for example, it can be seen that no national data were calculated for 
travel during work, personal car repair/maintenance, car 
repair/maintenance done by others and time at the dry cleaners, as they 
were in the California study. Other changes in activity coding were 
introduced to make the codes more relevant for environmental research 
than sociological analysis. Thus, paying household bills was coded 
under correspondence (code 97) rather than as other housework (code 19), 
reading the Bible was coded as book reading (code 93) rather than as a 
religious activity (code 65) and organizational activity outside of 
religion was not closely monitored. Therefore, no significance tests 
can be conducted on these comparisons. 

Finally there is a three-year time interval between the national 
data collection and the California survey. However, the University of 
Maryland did an additional small time-diary study in 1987, with results 
that were not that different from the 1985 study. It is also the case 
that relatively few significant differences were found in the 1985 
national study from those which were found in the 1975 national study. 

The first set of numbers in Table 4.1 shows similar figures for 
work. Californians average 205 minutes per day (23.9 hours per week) 
compared to 193 minutes (22.5 hours per week) for the 1985 national 
sample. Time spent in unemployment activities and second jobs are also 
rather similar in the two surveys, and while meals at the workplace are 
lower in the California study; that may be due to the greater number of 
work lunches in California taken at a restaurant away from the 
workplace. Time spent at work breaks is similarly lower in the 
California study, as is time spent getting ready to go to work or to 
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Chapter IV. Discussion of Major Results 

leave work. Commuting time in California (26 minutes) is not 

* 

significantly higher than the figure for the nation as a whole (22 
minutes). 

Time spent doing household chores is significantly lower in 
California for many tasks: cooking (30 minutes vs. 41 minutes 
nationally), general house cleaning (21 vs. 29), and laundry (7 vs. 11). 

Overall time spent in all child care activities is very close in 
California (22 minutes) to that nationally (26 minutes). Californians 
spent slightly more of their child care time in helping children with 
homework — and slightly less in general custodial care, such as feeding 
and dressing children. 

Total shopping and service time is higher in California (61 
minutes per day) than that reported nationally (53 minutes) . The major 
statistically significant difference is for travel related to shopping, 
which is 24 minutes in California vs. 19 nationally. 

Time spent sleeping in California is very close to that 
nationally, as is true for naps and resting. Personal grooming time 
(codes 40 and 47) is lower in California (36 vs. 48 minutes), but 
personal medical care is significantly higher in California. Meals at 
home are significantly lower in California (47 vs. 54 minutes*, but meal 
times at restaurants are significantly higher (27 minutes vs. 19 
nationally). That also accounts for the greater travel time for meals 
and other personal care in California (21 minutes vs. 12 nationally) . 

Education-related activity time for California activities is about 
an hour a week, much as it is nationally. Time spent related to 
organizational activity is lower in California, and that is mainly due 
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Chapter IV. Discussion of Major Results 

to the lower time spent related to religious activities in California — 
only about half of that reported nationally. 

Time spent attending entertainment events is significantly higher 
in California. But there is lower time spent visiting (code 75) (25 
minutes per day in California vs. 31 minutes per day nationally). 

Recreational time in California is rather close to that 
nationally. Walking and or going to parks is about the same and hobby- 
craft-art activities are significantly lower in California compared to 
the national data. 

The final set of figures in Table 4.1 shows that television time 
in California (131 minutes per day) is practically identical to that 
nationally (139 minutes per day) . However, Californians report 
significantly more conversation time than the national estimate. 

In summary, then, Californians spent about the same time shopping 
and obtaining services and less time doing most housework activities. 
They spent less time in personal hygiene and grooming but more time 
eating out. In terms of free time, Californians spend about the same 
time playing outdoor sports and reading, but less time in religious 
activities and doing domestic crafts. Overall travel time is higher for 
Californians (107 minutes vs. 84 nationally), due mainly to 
significantly greater times spent in travel related to shopping, eating 
out and the commute to work. 
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APPENDIX A 

REVISED ACTIVITY CODES FOR ARB STUDY TIME USE DIARIES 




01 - 09 : !! Work and Other Income Producing Activities 
01: WORK 

Main job: activities at the main job and overtime; 

"working," "at work." 

Work at home; work activities for pay done in the home when 
home is the main workplace, i.e.. Self-employed people 
running a business out of the home. 

Additional work home; additional job (i.e., consulting, 
cottage industry) 

Work at home for no pay, work connected with main job. 

Other work at home - general 
Reading (work brought home) 

0 2: UNEMPLOYMENT 

Job search; looking for work, including visits to 
employment agencies, phone calls to prospective 
employers, answering want ads. 

Unemployment benefits; applying for or collecting 
unemployment compensation. 

Welfare; food stamps; applying for or collecting 
welfare food stamps. 

03: TRAVEL DURING WORK 

05: OTHER PAID WORK 

Other paid work; second job; paid work activities which are 
not part of the main job (use this code when R clearly 
indicates a second job or "other" job); paid work for those 
no having main job; rental property. 


(YOUTH DEFINITION): Part-time jobs when R is full-time 
student. 


A-1 
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06 : 


EATING AT WORK 

Eating while working; drinking coffee as a secondary 
activity while working (at work place) 

Lunch at workplace; lunch eaten at work, cafeteria 
lunchroom at work or at school 

07: ACTIVITIES AT WORK 

Activities at the workplace before starting or after 
stopping work; include "conversations," other work. 

Other work related 

08: BREAKS 

Coffee breaks and other breaks at the workplace; "took a 
break"; "had coffee" 

09: TRAVEL TO/FROM WORK 

Travel to and from workplace, including waiting for 
transport 

Travel related to job search, unemployment benefits, 
welfare, food stamps, waiting for related travel 

Interrupted travel to work; travel to and from workplace 
when R's crips to and from work were both interrupted by 
stops; 

Waiting for related travel 


10-19:J{Household Activities 

10: FOOD PREPARATION 

Meal preparation; cooking, fixing lunches 

Serving food, setting table 

Preserving foodstuffs (cleaning, canning, pickling) 
11: FOOD CLEANUP 

Doing dishes, rinsing dishes, loading dishwasher 
Meal cleanup, clearing table, unloading dishwasher 
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12 : 


CLEANING HOUSE 

Miscellaneous "work around house"; not ascertained if 
indoor or outdoor 

Routine indoor cleaning and chores, picking up, dusting, 
making beds, washing windows, vacuuming, "cleaning," 
"fall/spring cleaning," "housework" 

124: Cleaning and laundry together 

13: OUTDOOR CLEANING 

Routine outdoor cleaning and chores; yard work, raking 
leaves, mowing grass, garbage removal, snow shoveling, 
putting on storm windows, cleaning garage, cutting wood 

14: CLOTHES CARE 

Washing clothes 

■ 

Other clothes care 



149:At laundromat 


15: CAR REPAIR/MAINTENANCE BY RESPONDENT 

Routine car care at home; necessary repairs and routine care 
to cars; tune up 


Car maintenance; changed oil, changed tires, washed cars; 
"worked on car" 

Customize car, body work on car. 




REPAIRS DONE BY RESPONDENT 

Indoor repairs, maintenance, fixing, furnace, plumbing 

Outdoor repairs; maintenance, exterior; fixing repairs 
outdoors, fixing the roof, repairing the driveway (patching) 


Home improvements; additions to and remodeling done to the 
house garage; new roof 


Carpentry/wood, working 



appliances 


Repairing furniture, leisure equipment 

Improvements to grounds around house; repaved driveway 

165:Darkroom photographic work 
166:Repairing boats,etc. 

167:Painting a room or a house 
169:Building a fire 
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17: 


PLANT CARE 

Gardening? flower or vegetable gardening; spading, 
weeding, composting, picking, "worked in garden" 

Care of house plants 

18: PET AND ANIMAL CARE 

Play with animals 

Care of domestic household pets 

Feeding of chickens, cows, pigs etc. 

19: OTHER HOUSEHOLD 

Other indoor chores? not ascertained whether cleaning or 
repair 

■ 

Garage sales 

Wrapping packages ? packing clothes 
Watching another person do household tasks 
Loading and unloading the car; putting away groceries 
Other household chores 


20-29:|]Child Care 
2 0 : BABY CARE 

Baby care; care to children age^ 4 and under 
Feeding baby 
21: CHILD CARE 

Child care; mixed ages or ages of children not 
ascertained 

Care to children ages 5-17 
22: HELPING/TEACHING 

Helping/teaching children learn/fix/make things 
Helping kids with homework or supervising homework 


A-4 



Source: httpsj'/Www.industrydocuments.ucsI.edu/docsv'hkbjOOOO 



23: TALKING/READING 

Giving child orders or instructions; asking them to help; 
telling them to behave 

Disciplining child; yelling at kids, spanking children 
Reading to child 

Conversations with household children only; listening to 
children 

24: INDOOR PLAYING 

Playing with babies indoors 

Indoor playing with kids; other indoor activities with 
children including games ("playing" unless obviously 
outdoor games) 

25: OUTDOOR PLAYING 

Leading outdoor activities; coaching, non-organizational 
activities 

Outdoor playing with kids,* including sports, walks, 
biking with, other outdoor games 

26: MEDICAL CARE - CHILD 

Medical care at home or outside home; activities 
associated with children's health, "took son to doctor," 
"gave daughter medicine" 

27: OTHER CHILD CARD 

Coordinating child's social or instructional non-school 
activities 

Babysitting (unpaid) or child care outside R's home or to 
children not residing in HH 

✓ 

Other child care, including phone conversations relating to 
child care other than medical 

Pick up/drop off children 

28: DRY CLEANING ACTIVITIES 

Pick up/drop off dry cleaning. 

29: TRAVEL RELATED TO CHILD CARE 

Related travel, including walking to and from school 
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30-39:}{Obtaining Goods and Services 




30: EVERYDAY SHOPPING 

Shopping for food, grocery shopping 

Picking up fast food orders to go 

31: DURABLE/HOUSE SHOP 

Shopping; for clothing, small appliances; at drug stores, 
hardware stores, department stores, "downtown" or "uptown," 
shopping center, window shopping, at the mall 

Shopping for durable goods; shopping for large 
appliances, furniture 

Shopping for house or apartment; activities connected to 
buying, selling, renting, looking for house, apartment, 
including phone calls; looking at real estate property (for 
own use) 

32: PERSONAL CARE SERVICES 

Personal care services; beauty, barber shop; 
hairdressers 

a 

33: MEDICAL APPOINTMENTS 

Medical services for self; doctor's appointment; pharmacist 

34: GOVERNMENT/FINANCIAL SERVICES 

Financial services; activities related to taking care of 
financial business; going to the bank, paying utility bills 
(not by mail), going to accountant, tax office, loan agency, 
insurance office 

Other government services; post office, driver'slicense, 
sporting licenses, marriage licenses, police station 

35: CAR REPAIR SERVICES 

Buying gasoline 

Auto services; repair and other auto services including 
waiting for such services 

Having work done on cars — not necessary to their 
running; customizing, painting etc. 

Shop for cars, test drive 

36: OTHER REPAIRS 

Clothes repair, tailor 

Having appliances repaired, including furnace, water heater, 
electric or battery operated appliances; including watching 
repair person 
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Bl: OUTDOOR LEISURE 

Hunting 

Fishing 

Boating, sailing, canoeing 
Camping, at the beach 
Snowmobiling, dune-buggies 
Gliding, ballooning, flying 

82: WALKING/BIKING 

Walking for pleasure 

Hiking 

Jogging, running 
Bicycling 

Motorcycling for pleasure 
Horseback riding 
March in parades 
83: HOBBIES 

Photography (picture taking) 

Collections, scrapbooks 
Making movies 
84: DOMESTIC CRAFTS 

Knitting, needlework, weaving, crocheting (including 
classes), crewel, embroidery, quilting, quilling, macrame 

Sewing 

Wrapping gifts,presents 
85: ART 

Sculpture, painting, potting, drawing 



I 
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37: 


OTHER SERVICES 

Other professional services; lawyer, counseling (therapy) 
Other services; "going to the dump" 

Renting and picking up various media and leisure materials 
e.g. videos, records, fishing gear 


38: ERRANDS 

Running errands; not ascertained whether for goods or 
services; borrowing goods 

39: TRAVEL RELATED TO GOODS AND SERVICES 

Travel related to obtaining goods and services 


40-49:!JPersonal Needs and Care 

40: WASHING 

Bathing; washing, showering; personal hygiene; going to the 
bathroom 

« 

41: MEDICAL CARE 

Medical care at home to self 

Medical care to adults in HH 

42: HELP AND CARE 

Non-medical care to adults in HH; routine non-medical 
care to adults in household 

Help to relatives not in HH; helping, caring for, 
providing for needs of relatives; (except travel), helping 
move, bringing food, assisting in emergencies, doing 
housework for relatives; visiting when sick 

Dropping adults at work, other locations 

Help to neighbors, friends 

Help to others, relationship to R not-ascertained 
43: MEALS AT HOME 

Meals at home; including coffee, drinking, food from 
a restaurant eaten at home, "breakfast," "lunch" 


44: MEALS OUT 

Meals at friends' home; eaten at a friend’s home 
(including coffee, drinking) 

Meals at restaurants 



* 
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♦ 





NIGHT SLEEP 

Longest sleep of the day 

NAPS/SLEEP 
Naps and resting 

DRESSING, GROOMING 

Getting dressed or ready for bed 


474: Washing AND Dressing 


48 


NOT ASCERTAINED ACTIVITIES 
Time gap of more than 10 minutes 


Personal/private; "none of your business" 


Sex, making out 

Affection between household members; giving and getting 
hugs, kisses, sitting on laps 

Receiving child care; child is passive recipient of 
personal care; e.g., "Mom braided my hair" 

Other personal care activities; watching personal care 
activities 


49: TRAVEL RELATED TO PERSONAL CARE 

Travel related to helping, including travel which is the 
helping activity; waiting for related travel 


Other personal travel 

Travel when purpose is not clear 


1 

50-59: | |Education and Professional Training 


50: STUDENTS' CLASSES 

Student attending classes full-time; includes daycare, 
nursery school for children not in school 

51: OTHER CLASSES 

Other classes, courses, lectures, academic or 
professional; R not a full-time student or not 
ascertained whether a student; being tutored 

54: DOING HOMEWORK 

Reading (class related) 

Homework, studying, research 
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55: USING LIBRARY 

Time spent at library 

56: OTHER EDUCATION 

At day care/nursery before or after school only 

Other education-related activities 

59: TRAVEL RELATED TO EDUCATION 

Travel directly from home to school 

Travel directly from school to home 

Other school-related travel; waited for related travel; 
travel to school not originating from home 

Travel to library 


60-69:J{Organizational Activities 


60: WORK FOR PROFESSIONAL/UNION ORGANIZATIONS 

Meetings cf professional/union groups 

Other activities, professional/union group including 
social activities and meals 

61: WORK FOR SPECIAL INTEREST IDENTITY ORGANIZATIONS 

Includes groups based on sex, race, national origin; NOW, 
NAACP, Polish-American Society, neighborhood, block 
organizations, CR groups, senior citizens, Weight Watchers, 
etc. 

* 

Meetings of identity organization 

* 

Other activities, identity organizations and special 
interest groups, including social activities and meals 

62: WORK FOR POLITICAL PARTY AND CIVIC PARTICIPATION 

Meetings political/citizen organizations; including city 
council 


Other activities, political/citizen organizations, 
including social activities, voting, jury duty, helping 
with election 
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63: WORK FOR VOLUNTEER/HELPING ORGANIZATIONS 

Hospital volunteer group, United Fund, Red Cross, Big 

Erother/Sister 

Attending meetings of volunteer, helping organizations 

Officer work; work as an officer of volunteer/helping 
organizations 

Fund raising activities as a member of volunteer helping 
organizations, collecting money, planning a collection drive 

Direct voluntary help as a member of volunteer group; 
visiting, bringing food 

Other volunteer activities, including social events and 
meals 

64: WORK FOR RELIGIOUS GROUPS 

Meetings of religious helping groups; ladies aid 
circle,missionary society, Knights of Columbus 

Other activities of religious helping groups including 
social activities and meals 

Meetings, other church groups; attending meetings of 
church groups which are not primarily helping oriented or 
not ascertained if helping oriented 

Other activities, other church groups; other activities as a 
member of church groups which are not helping oriented or 
not ascertained if helping, including social activities and 
meals ; 

Choir practice; bible class 
65: RELIGIOUS PRACTICE 

Attending services of a church or synagogue, including 
participating in the service;ushering; singing in the choir 
leading youth group, going to church, funerals 

Individual practice, or religious practice carried out in a 
small group; praying, meditating, bible study group, 
visiting graves, Bible reading 

66: WORK FOR FRATERNAL ORGANIZATIONS 

Moose, VFW, Kiwanis, Lions, Civitan, Chamber of Commerce, 
Shriners, American Legion 






Other activities as a member of a fraternal 
organization, including social activities and helping 
activities and meals 
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67: WORK FOR CHILD/YOUTH/FAMILY ORGANIZATIONS 

Meetings of family/youth/child organizations 

Other activities as a member of child/youth/family . 
organizations, including social activities and meals 

68: WORK FOR OTHER ORGANIZATIONS 

Meetings for team sports (but not playing sports) 

Other organizations? any activities as a member of an 
organization not fitting into above categories; 

(meetings and other activities included here) 

Organizational activity, not ascertained ("At meeting" etc.) 

69: TRAVEL RELATED TO ORGANIZATIONAL ACTIVITY 

Travel related to organizational activities as a member of a 
volunteer organization; including travel which is the help¬ 
ing activity, waiting for related travel 


Travel related to all other organizational activities; 
waiting for related travel' 


70-79:{jEntertainment/Social Activities 
70: SPORTS EVENTS 

Watch other people do active leisure activities 
Attending sports events 


71: MISCELLANEOUS EVENTS 

Miscellaneous spectacles, 
concerts, accidents 


72: MOVIES 

Attending movies 




rock 




73: ATTENDING THEATRE 

Theatre, opera, concert, ballet 


74: VISITING MUSEUMS 

Visiting museums, zoos, 



75: VISITING 

Visiting with others; socializing with people other than R’s 
own HH members either at R's home or another home; talking/ 
chatting in the context of receiving a visit or paying a 
visit 

A-12 
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76: PARTIES 

Picnicking 

% 

Party, reception, wedding 
77: BARS/LOUNGES 

Drinking, socializing or hoping to socialize at bar, 
cocktail lounge 

78: OTHER SOCIAL EVENTS 

Other events of socializing that do not fit above 

79: TRAVEL RELATED TO EVENT/SOCIAL ACTIVITIES 

Related travel; waiting for related travel 


80-89:}|Sport and Active Leisure 
80: ACTIVE SPORTS 

Lessons in sports; swimming, golf, tennis, skating, 
roller skating 

Football, basketball, baseball, volleyball, hockey, soccer, 
field hockey 

Tennis, squash, racquetball, paddleball 

Swimming, waterskiing, scuba diving, surfing 

Skiing, ice skating, sledding, roller skating 

Frisbee, catch 

Exercises, weightlifing 

Judo, boxing, wrestling 

Gymnastics 

801:Golf,miniature golf 
802:Bowling, pool, ping pong, pinball 
803:Yoga 
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86: MUSIC/DRAMA/DANCE 

Playing a musical instrument (including practicing), 

whistling 

Singing 

♦ 

Acting (rehearsal for play) 

Social and non-social dancing; ballet, modern dance, body 
movement 

Pretend, dress-up 

Lessons in music, dance, singing, body movement 
Other active leisure 
87: GAMES 

Playing card games (bridge, poker) 

Playing board games (monopoly, Yahtzee, Bingo, Dominoes, 
Trivial Pursuit) 

Playing social games (scavenger hunts), "played games," kind 
not ascertained 

Puzzles 

Played with toys 

Played indoors (unspecified) 

Played computer games, such as Pacman, Kong 

88: COMPUTER USE 

Using computer - general 

* 

Computer use for education ) 

Computer games - adult 
Other computer use 

89: TRAVEL RELATED TO ACTIVE LEISURE 

Related travel, including pleasure drives, rides with 
family, excursions 
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90-99: | [Passive Leisure 

90: RADIO USE 

Radio transmitting/CB radio 

.Listening to radio 

91: TV USE 

TV viewing 

VCR/Home Movies 


Cable TV 


914:TV and eating 


92: RECORDS/TAPES 

Recording music 


Listening to records, tapes, stereo; listening to 
music, listening to others playing a musical 
instrument, editing tapes 


93: 


READ BOOKS 

Reading books for pleasure 


939: Reading and TV 


94: READING MAGAZINES/NOT ASCERTAINED 

Reading magazines, reviews, pamphlets 

Reading (not ascertained what) 

Being read to 


95: READING A NEWSPAPER 

Reading newspaper 

954: Reading newspaper and meals, snacks 

96: CONVERSATIONS 

Receiving instructions 

Being disciplined 


Conversations/arguing with 


HH members 


Telephone conversations 
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97: LETTERS, WRITING, PAPERWORK 

Typing letters, bills, forms 

Writing letters, literature, poetry, writing a diary 
Sending cards 

Household paperwork; - paying the bills, balancing 

the checkbook, making lists, getting mail, working on 
budget 

98: OTHER PASSIVE LEISURE 

$ 

Relaxing 

Thinking, planning, reflecting 
Doing nothing 

Activities of others reported 

Smoking cigarettes/pipes/dope (when main activity) 

Other passive leisure; pestering, teasing, joking 
around, messing around, laughing 

93: TRAVEL RELATED TO PASSIVE LEISURE 

Related travel; waiting for related travel 
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Bl. ADULT QUESTIONS 
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**************^ B ADULT INSTRUMENT - SUBSTANTIVE QUESTIONS* ************* 


DESCRIPTION OF RESIDENCE, OCCUPATION, SMOKING 

>Timl< [allow 4][equiv hhat position 6] 

>stml< [settime Timl] 


>hous< To begin, would you describe the building you live in as: 

(READ CATEGORIES) 

<1> A separate single-family house, 

<2> A single-family home attached to other dwellings, 

<3> An apartment building, 

<4> A mobile home or trailer, or 
<5> Something else?(SPECIFY)[specify] 

[##lab Describe building you live in 


>hsnm< [allow 27][equiv anam position 13] 



[if timl is <>] ** added 10/19 ** 

[settime timl] 

[endif] 

[settime Timl] 

[if hous eq <1>] [store <your house> in hsnm] [goto park] [else] 

[if hous eq <2>][store <the building you live in> in hsnm][goto park] 
[else] 

[if hous eq <3>][store <your apartment building> in hsnm][goto park] 
[else] 

[if hous eq <4>)[store <your mobile home or trailer> in hsnmj [goto park] 
[else] 

[if hous eq <5>][store <the building you live in> in hsnm][goto park] 
[endif][endif][endif][endif][endif] 



Does (fill hsnm] have an attached garage 
or a parking area underneath it?[indirect] 


[equiv hous position 2] 


<1> Yes[goto prk2] 

<5> No, neither 

<8> DK 
<9> RF 

##lab Attached garage or parking under 

> [ goto wkjb] 

prk2< While you were at home yesterday, were ANY cars, trucks, motorcycles, 

or other motor vehicles parked in the attached garage (or 
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under-building parking area)?[indirect] 

<1> Yes (FOR ANY PART OF THE DAY) 
<5> No 

<8> DK 
<9> RF 

[♦♦lab Any mv in garage/parking yesterday 


>wkjb< Now I have a few questions about what you do. 

Are you currently working, unemployed and looking for work, on 
layoff from a job, retired, going to school, keeping house, or 
something else? 

<1> Working[goto wkhr] 

<2> Looking for work 
<3> On layoff from work 
<4> Retired 
<5> Going to school 
<6> Keeping house 

<7> Something else (SPECIFY)[specify] 



<8> DK 
<9> RF 

[♦♦lab Labor force status 

--->[goto smok] 


>wkhr< How many hours a week do you work at a paid job?[indirect] 


<1-100> Number of hours 


<777> (CODE AFTER PROBE ONLY) Variable number of hours per week[goto vwhr] 


<88 8> DK 
<99 9> RF 

[##lab Hours per week at paid job][♦♦md2 888] 

""">[goto occ] 

>vwhr< How many hours have you worked at a paid job in the past seven days? 

(From a week ago today through the end of yesterday)[indirect] 

<1-100> Number of hours 


<888> DK 
<999> RF 

[♦♦lab Hours worked in past 7 days][♦♦md2 888] 


What is your occupation, that is, what do you do? [allow 2] 


.. ~ > iv 
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(PROBE AS NEEDED: What is your job title? What kind of business 
or industry do you work in?) 


>Aoin< 
>njob< 


[ fflab 

>twhr< 

>wpl< 

>wp2< 

>wp3< 

>wp4< 

>wp5< 

>wp6< 

>smok< 


(IF R HAS MORE THAN ONE JOB, ENTER "MAIN" JOB FIRST AND THEN 
ENTER SECOND JOB(S)) 

[♦flab Occupation summary code 
™> [specify] 

[allow 6] [##lab extra space for misc recoding] 

INTERVIEWER CODE WITHOUT ASKING UNLESS UNCLEAR: 

[indirect] 

Number of jobs reported: 

<1> One job 

<2-5> Number of jobs 

<7> More than five jobs [♦♦[6+] 

<8> DK 
<9> RF 

Number of jobs R works 

[if wkhr gt <10>][goto wpl][else] 

[if wkhr le <10>][goto smok][endif][endif] 

Does your job involve working on a regular basis, 
that is, once a week or more often, with: 

[loc 2/8] 

Gas stoves or ovens?[Iflab Work w/gas stoves, ovens 

<1> Yes <5> No-> 

Open flames?[no erase] [Hlab Work w/open flames 

<1> Yes <5> No-> 

Solvents or chemicals?[no erase][fflab Work w/solvent, chemicals 

<1> Yes(SPECIFY)[specify] <5> No —> 

Dust or particles of any sort?[no erase)[fflab Work w/dust, any 

<1> Yes <5> No — > 

Gasoline or diesel-powered vehicles or work 

equipment?(no erase][fflab Work w/gas, diesel vehicles, equip 

<1> Yes <5> No — > 

Other air pollutants?[no erase][fflab Work w/other air pollutant 

<1> Yes (SPECIFY) [specify] <5> No -—> 


Did you smoke any cigarettes yesterday — even one? 

(IF R SAYS "I don't smoke," CODE 5 (No) TO smok AND smk2 BUT 
DON'T ASK smk2.) 

<1> Yes[goto smky] 

<5> No 
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<8> DK 
<9> RF 

f##lab Smoke cigarettes yesterday 

[goto smk2 ] 

>smky< Roughly, how many cigarettes did you smoke yesterday? 

<1-100> Number of cigarettes smoked yesterday 
<888> DK 
<9 99> RF 

[##lab How many cigtts smoked yesterday][##md2 888] 

>smk2< (CODE OR ASK AS NEEDED) 

Did you smoke any cigars or pipe tobacco yesterday? 

<1> Yes[goto smy2] 

<5> No 

<8> DK 
<9> RF 

[##lab Smoke cigars or pipe tobacco yesterday 

»-->[goto clc3J 



>smy2< 


Roughly how many cigars or pipes of tobacco 
did you smoke yesterday? 


<1-100> Number of cigars or pipefuls of tobacco smoked yesterday 

<888> DK 
<99 9> RF 

[##lab How many cigars/pipes smoke ystrdy][##md2 888] 


>Tim2< [allow 4] 

>clc3< [if clc6 is <> goto clc5] ** automatically branch first time ** 

>clc4< INTERVIEWER: Do you want to branch to the adult time use diary? 

<1> Yes, branch to the adult diary [goto clc5] 

<5> No, bypass the adult diary [goto pgar] 

[##lab Interviewer check point 
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IF NECESSARY, USE :ca TO ENTER YOUR CHOICE 
> 


>clc5< [settime Tim2] 

[store <2> in cp04] 

[call com5] ** branch to diary instrument ** 

>clc6< INTERVIEWER: Describe the condition of the adult diary, as YOU left it: 

<1> all diary questions asked 

<3> diary questions started, but not completed 
[##lab Interviewer check point 

NOTE: ALWAYS ANSWER THIS ITEM - DO NOT USE THE :sk cb COMMAND HERE. 


>Tim3< [allow 4] 

>stm3< [settime Tim3J 

[store <5> in clc4] 


POLLUTANTS EXPOSURES 

*****w*******w****** 


✓ 


>pgar< Just to be sure we didn't miss any important information, I have 

some additional questions about yesterday's activities. 

Did you spend ANY time yesterday at a gas station 
or in a parking garage or auto repair shop? 

<1> Yes[goto pgysJ 
<5> No 

<8> DK 
<9> RF 

[##lab At station, parking, auto shop ystrday 

-“> [goto gstv) 

>pgys< About how long in all yesterday did you spend in those places? 

[indirect] 

<1-840> record number of minutes 
<841> more than 14 hours 

<88 8> DK 
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<9 99> RF 

[#*lab Total minutes in pgar places ystrdy][##md2 888] 

>pgas< Did you pump or pour any gasoline (yesterday)? 

[indirect] 

<1> Yes 
<5> No 

<7> (VOLUNTEERED RESPONSE)Someone else pumped or poured gas, 

but R was there 


<8> DK 
<9> RF 

[##lab Pump/pour any gasoline ystrday 

>gstv< Did you spend any part of yesterday in a room where a 

a gas range or oven was turned on? 

<1> Yes[goto nstv] 

<5> No 



<8> DK 
<9> RF 

[##lab In room w/gas oven on ystrdy 

---> [ goto htys] 



>nstv< Were you around more than one gas range or oven yesterday, or only one? 

[indirect] 

<1> Only one [goto gspr) 0 

<5> More than one[goto msl] 

<8> DK 
<9> RF 

[##lab Around how many gas ovens ystrdy 

“““ > [ < 5 oto htys] 

>msl< Was the gas range or oven you were around for the longest time 

yesterday being used for cooking, for heating the room, 
or for some other purpose?[indirect] 

<1> Cooking 

<3> Heating the room 

<5> (PROBE ONCE FIRST) Both cooking and heating the room 

<7> Some other purpose (SPECIFY)[specify] 

<8> DK 
<9> RF 

[##lab Oven on ystrday for cook, heat, othr 


*0 



Source: https://w\vw.industrydocuments.ucsf.edu/docsrt 





V 


• k ♦ 






>mstm< Roughly how many minutes or hours IN ALL were you in rooms 

where gas ranges or ovens were turned on (yesterday)?[indirect] 

<l-840> record number of minutes 
<841> more than 14 hours 

<8 88> DK 

<9 9 9> RF 

[♦♦lab Total minutes w/ on ovens ystrdy] [♦♦md2 888] 

>ms2< Does the oven or range that you were around the longest 

have a gas pilot light or 
pilotless ignition?[indirect] 

<1> Gas pilot 

<3> (VOLUNTEERED RESPONSE ONLY) Light with matches or sparker 

<5> Pilotless ignition (makes click-click-click sound) 

<7> Other (SPECIFY)[specify] 

<8> DK 
<9> RF 

[♦♦lab Oven have gas pilot light, other 

—>[goto htys] 

>gspr< Was the gas range or oven being used for cooking, for heating the room, 

or for some other purpose?[indirect ] 

<1> Cooking ✓ 

<3> Heating the room 

<5> (PROBE ONCE FIRST) Both cooking and heating the room 
<7> Some other purpose (SPECIFY)[specify] 

<8> DK 
<9> RF 

[♦♦lab Oven on ystrday for cook, heat, other 

>gstrrK Roughly how many minutes or hours (in all) were you in a room 

where a gas range or oven was turned on (yesterday)?[indirect] 

<l-840> record number of minutes 
<841> more than 14 hours 

<88 8> DK 

<99 9> RF 

♦♦lab Total minutes w/ on oven ystrdy][♦♦md2 888] 


•plot< Does the oven or range have a gas pilot light or 
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pilotless ignition?[indirect] 

<1> Gas pilot 

<3> (VOLUNTEERED RESPONSE ONLY) Light with matches or sparker 

<5> Pilotless ignition (makes click-click-click sound) 

<7> Other (SPECIFY)[specify] 

<8> DK 
<9> RF 

[##lab Oven have gas pilot light, other 


>htys< Was the heat turned on at any time in your home yesterday? 

<1> Yes(goto htfl] 

<5> No 

<8> DK 
<9> RF 

(#*lab Heat on in your home ystrdy 
k —>[goto open] 


>htfl< What kind of heat was it — gas, electricity, oil, or what? 

(IF COMBINATION: Which kind did you use most?[indirect] 

<1> Gas 

<2> Electricity 

<3> Fuel oil or kerosene 

<4> Wood 

<5> Coal or coke 

<6> Solar energy 

<7> Other (SPECIFY) [specify] 

<8> DK 
<9> RF 

[Mlab Kind of heat on ystrdy 

>heat< What type of heater was turned on for the longest amount of time? 

Was it a wall furnace, a floor furnace, forced air, radiator, 
space heater, or something else? 

[indirect] 

<1> Wall furnace 
<2> Floor furnace 
<3> Forced air 
<4> Radiator 
<5> Wood stove 
<6> Fireplace 
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<7> Gravity heater 
<8> Space heater 

<9> Something else (SPECIFY) [specify] 

<8 8> DK 
<9 9> RF 

[##lab Type of heater on longest ystrdy][#*md2 88] 

Were any doors or windows in your home open for more than a 
minute or two at a time yesterday? 

<1> Yes(goto opnl] 

<5> No 

<7> (VOLUNTEERED) YES - RAVE A WINDOW OPEN ALL THE TIME (goto arst] 

<8> DK 
<9> RF 

[##lab Doors/windows in home open ystrdy 

-"> [goto fanl] 

>arst< [if open eq <7>][store <720> in opnl][store <720> in opn2] 

[goto fanl] [endif] 

>opnl< For about how long during the day, that is, from 6am to 6pm, 

(were they/was it) open?[indirect] 

<l-720> # of minutes 

<0> Not open between 6am and 6pm 

<888> DK 
<99 9> RF 

[##lab Mins door/window open ystrdy 6am-6pm][##md2 888] 

>opn2< For about how long during evening or night hours, that is, from 6pm 

to 6am, (were they/was it) open?(indirect] 

<l-720> # of minutes 

<0> Not open between 6pm and 6am 

<888> DK 
<999> RF 

[#tlab Mins door/window open ystrdy 6pm-6am][#*md2 888] 



>fanl< Did you use any kind of fan in your home yesterday? 


<1> Yes[goto fan2] 
<5> No 
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<8> DK 
<9> RF 

[##lab Use a fan in home ystrdy 

—>(goto airc] 

>fan2< Was that a ceiling fan, window fan, portable room fan, or something 

else ?[indirect J 

<1> ceiling fan 

<2> window fan 

<3> portable room fan 

<A> (VOLUNTEERED RESPONSE) exhaust fan in bathroom or kitchen 

<5> something else (specify) [specify] 

<8> DK 
<9> RF 

[##lab Type of fan used in home ystrdy 

-—■> 

>airc< (Other than the fan you just mentioned) 

Did you use any kind of air cooling system in your home yesterday, 
such as an air conditioner? 

<1> Yes[goto ACtp] 

<5> No 

<8> DK 
<9> RF 

✓ 

[##lab Use air-cooling system in home ystrdy 

“•“">[goto glue] 

>ACtp< What type is it?[indirect) 

<1> Evaporative cooler (swamp cooler) 

<5> Refrigeration type (air conditioner) 

<7> Other (SPECIFY)[specify] 

<8> DK - Have air conditioning but don't know what kind 
<9> RF 

[##lab Type of air-cool sys used in home ystrdy 

>glue< Did you use or were you around anyone while they were 

using any of the following yesterday: 

Any glues or liquid or spray adhesives? 

(NOT INCLUDING ADHESIVE TAPE) 

<1> Yes 
<5> No 


B1.10 


e: ntlps://ww 


;f.edu/d 


2057826070 




<8> DK 
<9> RF 

[##lab Use/near glues, other adhesives ystrdy 

>pntl< (Did you use or were you around anyone while they were using:) 

Any oil-based paint products (yesterday)? 

<1> Yes 
<5> No 

<7> (VOLUNTEERED RESPONSE ONLY)Was around paint but don't know 

what kind[goto solv] 

% 

<8> DK 
<9> RF 

[##lab Use/near oil-based paint products ystrdy 

>pnt2< (Did you use or were you around anyone while they were using:) 

Any water-based paint products (yesterday)? 

(ALSO KNOWN AS "LATEX PAINT”) 


<1> 

Yes 


<5> 

No 


<8> 

DK 


<9> 

RF 



[##lab Use/near water-based paint prods ystrdy 

>solv< (Did you use or were you around anyone while they were using:) 

Any solvents (yesterday)? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[##lab Use/near any solvents ystrdy 

>pest< (Did you use or were you around anyone while they were using:) 

Any pesticides (yesterday) such as bug strips or bug sprays? 

<1> Yes [goto pst2) 

<5> No 
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[##lab 

>pst2< 

[ ##lab 

>soap< 

[# #lab 

>Ocln< 

[ M lab 

>aero< 
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s 



<8> DK 
<9> RF 

Use/near any pesticides ystrdy 
> [goto soap] 

When you were around pesticides yesterday, were you mostly indoors or 
outdoors ?[indirect] 

<1> Indoors 
<5> Outdoors 

<7> (CODE ONLY AFTER PROBE) Both indoors and outdoors equally 

<8> DK 
<9> RF 

Pesticides indoors or outdoors ystrdy 


(Did you use or were you around anyone while they were using:) 

Any soaps or detergents (yesterday)? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

Use/near soaps, detergents ystrdy 

---> 

(Did you use or were you around anyone while they were using:) 

Any other household cleaning agents such as Ajax or ammonia 
(yesterday)? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

Use/near HH cleaning agents ystrdy 

Yesterday, did you use any personal care aerosol spray products such as 
deodorants or hair spray or were you in a room while they were being 
used? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 
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[♦♦lab Use/near personal care aerosols ystrdy 

>shwr< Did you take a hot shower yesterday? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[♦♦lab Take a hot shower ystrdy 

>bath< Did you take a hot bath or use an indoor hot tub yesterday? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[♦♦lab Hot bath or indoor hot tub ystrdy 

>moth< Are you currently using any of the following in your home: 

Any mothballs, or moth crystals or cakes? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[♦♦lab Now use moth balls/crystals/cakes in home , 

>deod< Any toilet bowl deodorizers? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[♦♦lab Now use toilet bowl deodorizers in home 

>rmfr< Any SCENTED room fresheners? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[♦♦lab Now use scented room freshners in home 
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Now I have a few background questions about you, to be sure we talk to 
people from all walks of life. 




How old were you on your last birthday? 

<18-96> Exact age 
<97> 97 or older 

<98> Don't know 
<99> Refused 

[##lab Adult respondent's age in years 

---> 


[loc 3/8] 


>educ< What was the last grade or year in school you COMPLETED? 


What was the 

<00-08> 

less 

<09-11> 

some 

<12> 

high 

<13-15> 

some 

<16> 

coll 

<17> 

grad 

<88> 

DK 

< 9 9> 

RF 


graduate (also GED) 


college graduate (also BA, 
graduate school[goto gdgr] 


or other bachelor's degree) 


[##lab Adult R years of 

“““>[goto mrtl] 


education][#*md2 88] 


>gdgr< Have you received a master's degree, doctorate, or some other 

advanced degree?[indirect] 

<1> No - no advanced degree 

<2> Master's degree - MA, MS, MSW, MBA, MFA 

<3> Doctorate or other advanced degree - PhD, MD, JD, EdD, DSc 


<4> Other (SPECIFY) [specify] 

[##lab Adult have adv/grad degree 

>mrtl< Are you now married, living with someone in a marriage-like 

relationship, widowed, divorced, separated, or have you 
never been married? 

<1> Married and living with spouse (or spouse in military) 
<2> Living in a marriage-like relationship 
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<3> Widowed 
<4> Separated 
<5> Divorced 
<6> Never married 

<8> Don't know 
<9> Refused 

[f#lab Adult R's marital status 

>zip< What is the postal ZIP code for your home address? 

<90000-99999> 

<x> Other 
<8> DK 
<9> RF 

[##lab Zip code for R's home address 

>cnty< What county do you live in? (ASK R TO SPELL IF UNCLEAR) 

<1> Alameda <15> Kern <29> Nevada <43> Santa Clara 

<2> Alpine <16> Kings <30> Orange <44> Santa Cruz 

<3> Amador <17> Lake <31> Placer <45> Shasta 

<4> Butte <18> Lassen <32> Plumas <46> Sierra 

<5> Calaveras <19> Los Angeles <33> Riverside <47> Siskiyou 

<6> Colusa <20> Madera <34> Sacramento <48> Solano 

<7> Contra Costa <21> Marin <35> San Benito <49> Sonoma 

<8> Del Norte <22> Mariposa <36> SanBernardino<50> Stanislaus 

<9> El Dorado <23> Mendocino <37> San Diego <51> Sutter 

<10> Fresno <24> Merced <38> SanFrancisco <62> Tehama 

<11> Glenn <25> Modoc <39> San Joaquin <53> Trinity 

<12> Humboldt <26> Mono <40> SanLuisObispo<54> Tulare 

<13> Imperial <27> Monterey <41> San Mateo <55> Tuolomne 

<14> Inyo <28> Napa <42> SantaBarbara <56> Ventura 

<57> Yolo 

<8 8> DK <9 9> RF <58> Yuba 

;##lab County R lives in][##md2 88] 

■area< Would you say the area you live in is: 

(READ CATEGORIES) [##et] 

<1> rural, 

<3> suburban, or 
<5> a city? 

[##bt] (IF R SAYS ’’small town"; PROBE: Is it within 25 miles of [Het] 
[ ##bt ] a city? WITHIN 25 MILES, CODE AS SUBURBAN; FARTHER AWAY [Met] 

[ # # bt ] CODE AS RURAL) [Met] 

<8> DK 
<9> RF 
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[##lab Environs of R's home 


>HHT< How many people who are 12 to 17 years old live in your household? 

IF UNCLEAR: I'm refering to the household in which the telephone 

number [fill pnm2:0]-[fill pnm3:0] is located. 

[ *#bla 99] [allow 5] 

<0> No one age 12 to 17 lives in the household 
<1-10> One to ten (ENTER EXACT NUMBER) 


<11> More than ten 

<98> Don't know 
<99> Refused 

[#*lab Number of 12-17 yr olds in HH 


>bg!5< How many telephones, counting extensions, do you have in your 

home? 

<1> One [goto SY15] 

<5> Two or more 


<8> Don't know, not sure [goto EOY] 
<9> Refused [goto EOY] 

[##lab Count of telephone sets in HH 


f 


>bgl6< Do (both/all) the telephones have the same number?[indirect] 

<1> Yes [goto SY15] 

<5> No [goto bgl7] 

<8> Don't know, not sure 
<9> Refused 

[Mlab Do all phones have same number 

---> [goto EOY] 


>bgl7< How many different numbers are there?[indirect] 

(no erase] 

<2-25> ENTER NUMBER 

<98> Don't know, not sure 
<99> Refused 

[##lab Count of diff tel numbers in HH 

---> [goto EOY] 


B1.16 



Source: f 


[rydocumenls.ucsf.edu;docs,'hkb)0000 


>SY15< 
>EOY< 
>rsex< 

[ # # lab 

>incm< 


[##lab 

>incA< 

► 

[ # # lab 

>incB< 


[store <1> in bgl7] 

[allow 1][end] 

INTERVIEWER CODE SEX OF RESPONDENT: 

RESPONDENT'S NAME IS "[fill anam]" 

(ASK ONLY IF ABSOLUTELY UNSURE: Are you male or female? 

<1> Male 
<5> Female 
Adult R sex 

Think of the income BEFORE TAXES of ALL MEMBERS of your 
household living with you in 1987, and include income from all 
sources including wages, pensions, dividends, interest, 
and all other income. 

Was the total income from all sources, (including your own,) 
under or over $30,000? 

(IF UNCERTAIN: What would be your best guess?) 

<1> Under $30,000 [goto incE] 

<3> Exactly $30,000 

<5> Over $30,000 [goto incA] 

<8> DK 
<9> RF 

See ISUM for HH income summary 
--->[goto tinl] 

Was it under or over $40,000? 

(IF UNCERTAIN: What would be your best guess?) 

<1> Under $40,000 

<3> Exactly $40,000 

<5> Over $40,000(goto incB] 

<8> DK 
<9> RF 

See ISUM for HH income summary 
»>[goto tinl] 

Was it under or over $50,000? 

(IF UNCERTAIN: What would be your best guess?) 

<1> Under $50,000 
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<3> Exactly $50,000 


► 


<5> Over $50,000[goto incC] 


<8> DK 
<9> RF 

[##lab See ISUM for HH income summary 

**““> [goto tinl] 

>incC< Was it under or over $60,000? 

(IF UNCERTAIN: What would be your best guess?) 

<1> Under $60,000 

<3> Exactly $60,000 

<5> Over $60,000[goto incD] 

9 

<8> DK 
<9> RF 

[##lab See ISUM for HH income summary 

—>[goto tinl] 

>incD< Was it under or over $70,000? 

(IF UNCERTAIN: What would be your best guess?) 

<1> Under $70,000 
<3> Exactly $70,000 
<5> Over $70,000 

<8> DK 
<9> RF 

[Mlab See ISUM for HH income summary 

—>(goto tinl] 

>incE< Was it under or over $20, 000? 

(IF UNCERTAIN: What would be your best guess?) 

<1> Under $20,000[goto incF] 

<3> Exactly $20,000 
<5> Over $20,000 

<8> DK 
<9> RF 

[##lab See ISUM for HH income summary 

--->[goto tinl] 

>incF< Was it under or over $10, 000? 

(IF UNCERTAIN: What would be your best guess?) 

<1> Under $10,000 
<3> Exactly $10,000 
<5> Over $10,000 
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<8> DK 
<9> RF 

[♦♦lab See ISUM for KH income summary 

""> [goto tinl] 


>ISUM< 

[allow 2] 

[♦♦lab Income series summary variable] 



>tinl< 

[if 

incm 

eq 

<8>) [store 

<88> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦Don't know 


[if 

incm 

eq 

<9>] [store 

<99> 

in 

ISUM][goto 

stm4 ] 

[endif} 

[ ♦Refused 



[if 

incF 

eq 

<8>] [store 

<81> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[# DK - It 

20K 


[if 

incF 

eq 

<9>] [store 

<91> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[ ♦RF - It 

2 OK 


[if 

incE 

eq 

<8>][store 

<82> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦ DK - It 

3 OK 


[if 

incE 

eq 

< 9>] [store 

<9 2> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦ RF - It 

3 OK 


[if 

incA 

eq 

<8>] [ store 

<83> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦DK - gt 

3 OK 


[if 

incA 

eq 

<9>] [store 

<93> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦RF - gt 

3 OK 


[if 

incB 

eq 

<8>] [ store 

<8 4> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[#DK - gt 

4 OK 


[if 

incB 

eq 

<9>] [ store 

<9 4> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦RF - gt 

4 OK 


[if 

incC 

eq 

<8>] [ store 

<85> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦DK - gt 

5 OK 


[if 

incC 

eq 

<9>] [store 

<95> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦RF - gt 

5 OK 


[if 

incD 

eq 

<8>][store 

<8 6> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦DK - gt 

60K 


[if 

incD 

eq 

<9>][store 

<9 6> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦RF - gt 

6 OK 

>tin2< 

[if 

incF 

eq 

<1>] [store 

<01> 

in 

ISUM][goto 

s tm4 ] 

[endif] 

[♦Under 

10K 


[if 

incF 

eo 

* 

<3>][store 

<02> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦Exactly 

10K 


[if 

incF 

eq 

<5>] [store 

<03> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦gtl0-lt 

2 OK 


[if 

incE 

eq 

<3>] [ store 

<0 4> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦Exactly 

2 OK 


[if 

incE 

eq 

<5>] [ store 

<05> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦gt2 0-lt 

3 OK 


[if 

incm 

eq 

<3>] [ store 

<0 6> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦Exactly 

3 OK 


[if 

incA 

eq 

<1>] [ store 

<0 7> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦gt30-lt 

4 OK 


[if 

incA 

eq 

<3>] [ store 

<0 8> 

in 

ISUM][goto 

stm4 ] 

[endi^] 

[♦Exactly 

4 OK 


[if 

incB 

eq 

<1>] [store 

<0 9> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[^gt4 0-lt 

5 OK 


[if 

incB 

eq 

<3>] [ store 

<10> 

in 

ISUM][goto 

3 tm4 ] 

[endif] 

[ ♦Exactly 

50K 


[if 

incC 

eq 

<1>][store 

<11> 

in 

ISUM][goto 

3 tm4 ] 

[endif] 

[#gt50-lt 

6 OK 


[if 

incC 

eq 

<3>][store 

<12> 

in 

ISUM][goto 

s tm4 ] 

[endif] 

[♦Exactly 

60K 


[if 

incD 

eq 

<1>] [ store 

<13> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[♦gt 60-lt 

7 OK 


[if 

incD 

eq 

<3>] [ store 

<14> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[lExactly 

7 OK 


[if 

incD 

eq 

<5>][store 

<15> 

in 

ISUM][goto 

stm4 ] 

[endif] 

[ ♦Over 

7 OK 

>Tim4< 

[allow 4] 










>stm4< 

[ settime 

Tim4] 
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***»**********YOUTH INSTRUMENT - SUBSTANTIVE QUESTIONS************ 

OCCUPATION, STUDENT, SMOKING 

I**************-******-****** 1 ** 


>ytjb< First,, I have a few questions about what you do. 

Are you currently working at a paid job? 

<1> Yes [goto ywhr] 

<5> No [goto ystu] 

<8> DK 
<9> RF 

[##lab Youth R labor force status 

[goto ystu] 

>ywhr< How many hours a week do you work at a paid job? 

<1-100> Number of hours 

<777> (CODE AFTER PROBE ONLY) Variable number of hours per week(goto yvhr] 

<888> DK 
| <999> RF 

[##lab Hours work per week (youth R>][##md2 888] 


>yvhr< How many hours have you worked at a paid job in the past seven days? 

(From a week ago today through the end of yesterday) 

<1-100> Number of hours 

<0> hasn't worked at all in the past seven days 

<888> DK 
<99 9> RF 

[##lab Hours worked in past 7 days][##md2 888] 

>yocc< What is your occupation, that is, what do you do? [allow 2] 

(PROBE AS NEEDED: What is your job title? What kind of business 

or industry do you work in?) 

* 

(IF R HAS MORE TRAN ONE JOB, ENTER "MAIN" JOB FIRST AND THEN 
ENTER SECOND JOB(S)) 

[#*lab Youth R occupation summary 

■—> [specify] 


>Yoin< [allow 6] [#*lab 


for misc recoding] 
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>ynjb< 


INTERVIEWER CODE WITHOUT ASKING UNLESS UNCLEAR: 



Number of jobs reported: 

<1> One job 

<2-5> Number of jobs 
<7> More than five jobs 

<8> DK 
<9> RF 

[#*lab Number jobs youth R works 



>ywpl< 


>ywp2< 



>ywp4< 

>ywp5< 


>ywp6< 


[if ywhr gt <10>)[goto ywpl][else] 

[if ywhr le <10>][goto ystu][endif][endif] 

Does your job involve working on a regular basis, 
that is, once a week or more often, with: 

[loc 4/8] 

Gas stoves or ovens? [##lab Work w/gas stoves, ovens 

<1> Yes <5> No-> 

Open flames? [no erase] [Mlab Work w/ open flames 

<1> Yes <5> No —> 

Solvents or chemicals?[no erase] [Iflab Work w/ solvents, chemicals 

<1> Yes (SPECIFY) [specify] <5> No —> 

Dust or particles of any sort? [no erase] [Hlab Work w/ dust, any part 

<1> Yes <5> No -—> 

Gasoline or diesel-powered vehicles or work 

equipment? [no erase] [##lab Work w/ gas, diesel mv or equip 

<1> Yes <5> No -—> 

Other air pollutants?[no eraie] [##lab Work w/ other air pollutants 

<1> Yes (SPECIFY) [specify] <5> No —> 


>ystu< 


you currently in school? 


<1> Yes 
<5> No 

<8> DK 
<9> RF 

[ ##lab Currently in school (youth R) 


>ysmk< Did you smoke any cigarettes yesterday — even one? 

(IF R SAYS "I don't smoke," CODE 5 (No) TO ysmk AND ysm2 BUT 
DON'T ASK ysm2.) 

<1> Yes[goto ysmy] 

<5> No 
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<8> DK 
<9> RF 

[##lab Youth R smoke cigs ystrdy 

—->[goto ysm2) 

>ysmy< Roughly, how many cigarettes did you smoke yesterday? 

<1-100> Number of cigarettes smoked yesterday 
<999> DK/Refused 

[##lab Count of cigtts smoked ystrday 

>ysm2< (CODE OR ASK AS NEEDED) 

Did you smoke any cigars or pipe tobacco yesterday? 

<1> Yes[goto ysy2] 

<5> No 

<8> DK 
<9> RF 

[##lab Smoke cigars/pipes ystrdy (youth R) 

[goto ycc5] 


>ysy2< Roughly how many cigars or pipes of tobacco 

did you smoke yesterday? 



<1-100> Number of cigars or pipefuls of tobacco smoked yesterday 

<999> DK/Refused , 

[##lab Count of cigars/pipes smoked ystrdy 


>ycc5< [if ycc8 is <> goto ycc7] 


* * 


automatically branch first time ** 


>ycc6< INTERVIEWER: Do you want to branch to the youth time diary? 


<1> Yes, take me into the youth diary [goto ycc7] 
<5> No, bypass the youth diary [goto ypgr] 


[*#lab Interviewer 

IF 



int 
, USE 


ca TO ENTER YOUR CHOICE 
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>ycc7< [store <3> in cp04] 

[call com5] 


** branch to diary instrument 


★ * 


>yccQ< INTERVIEWER: Describe condition of the youth diary, as YOU left it: 


<1> all diary questions asked 

<3> diary questions started, but not completed 


[##lab Interviewer checkpoint 

NOTE: ALWAYS ANSWER THIS ITEM - DON'T USE THE :sk cb COMMAND HERE. 


>ycc9< [store <5> in ycc6] 


OTHER POLLUTANTS; DEMOGRAPHICS 

********************************* 



Just to be sure we didn't 
some additional questions 
Did you spend ANY time ye 
or in a parking garage or 


miss any important information, 
about yesterday's activities, 
sterday at a gas station 
auto repair shop? 


I have 


<1> Yes[goto ypgy] 
<5> No 


<8> DK 
<9> RF 

[##lab Gas station, garage, shop ystrdy 

---> [goto ystv] 

>ypgy< About how long in all yesterday did you spend in those places? 

<l-840> record number of minutes 
<841> more than 14 hours 

<888> DK [goto ystv] 

<999> RF [goto ystv] 

[##lab Minutes in ypgr places ystrdy][##md2 888} 



Did you pump or pour any gasoline (yesterday)? 

<1> Yes 
<5> No 

<5> Someone else pumped or poured the gas. 
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t * • ♦ * 

* ♦ 


but R was there (VOLUNTEERED RESPONSE) 

<8> DK 
<9> RF 

[♦♦lab Pump/pour gasoline ystrday 

>ystv< Did you spend any part of yesterday in a room where a 

a gas range or oven was turned on? 

<1> Yes[goto ynst] 

<5> No 

<8> DK 
<9> RF 

[##lab In room w/ on gas oven ystrdy 

--->[goto yglu) 

>ynst< Were you around more than one gas range or oven yesterday, or only one? 

<1> Only one [goto ygsp) 

<5> More than one[goto ymsl] 

<8> DK 
<9> RF 

[♦♦lab How many gas ovens around ystrdy 

[goto yglu] 

>ymsl< Was the gas range or oven you were around for the longest time 

yesterday being used for cooking, for heating the room, 
or for some other purpose?[indirect] * 

<1> Cooking 

<3> Heating the room 

<5> (PROBE ONCE FIRST) Both cooking and heating the room 

<7> Some other purpose (SPECIFY)[specify] 

<8> DK 
<9> RF 

[♦♦lab Oven used for cook, heat ystrdy 

>ymsm< Roughly how many minutes or hours (in all) were you in rooms 

where gas ranges or ovens were turned on (yesterday) ? [indirect] 

<1-840> record number of minutes 
<841> more than 14 hours 

<888> DK 

<9 9 9> RF 

[♦♦lab Mins w/ on ovens ystrdy][♦#md2 888] 
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>yma2< Does the oven or range that you were around the longest 

have a gas pilot light or pilotless ignition?[indirect] 

<1> Gas pilot 

<3> (VOLUNTEERED RESPONSE ONLY) Light with matches or sparker 

<5> Pilotless ignition (makes click-click-click sound) 

<7> Other (SPECIFY)[specify] 

<8> DK 
<9> RF 

[##lab Oven have gas pilot light, other 

——>(goto yglu] 

>ygsp< Was the gas range or oven being used for cooking, for heating the room, 

or for some other purpose?[indirect] 

<1> Cooking 

<3> Heating the room 

<5> (PROBE ONCE FIRST) Both cooking and heating the room 
<7> Some other purpose (SPECIFY)[specify] 

<8> DK 
<9> RF 

[##lab Use oven for cook, heat ystrdy 


>ygtm< 


Roughly how many minutes or hours 
where a gas range or oven was 


(in all) were you in a room 
on (yesterday)?[indirect] 


<l-840> record number of minutes 
<841> more than 14 hours 


<88 8> DK 

<999> RF 

[##lab Mins in room w/ on oven ystrdy][##md2 888] 


>yplt< Does the oven or range have a gas pilot light or 

pilotless ignition?[indirect] 


<1> Gas 



<3> (VOLUNTEERED RESPONSE ONLY) Light with matches or sparker 
<5> Pilotless ignition (makes click-click-click sound) 

<7> Other (SPECIFY)[specify] 
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<8> DK 
<9> RF 

[##lab Oven have gas pilot light, other 


>yglu< Did you use or were you around anyone who was using any of the 

following yesterday: 

Any glues or liquid or spray adhesives (NOT INCLUDING ADHESIVE TAPE)? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[##lab Use/near glues, adhesives ystrdy 


>yptl< (Did you use or were you around anyone while they were using:) 

Any oil-based paint products (yesterday)? 

<1> Yes 
<5> No 

<5> Was around paint but don't know what kind[goto yslv] 
(VOLUNTEERED RESPONSE ONLY) 

✓ 

<8> DK 
<9> RF 

[##lab Use/near oil-based paint ystrdy 

>ypt2< (Did you use or were you around anyone while they were using:) 

Any water-based paint products (yesterday)? 

(ALSO KNOWN AS 'LATEX' PAINT) 


<1> Yes 
<5> No 

<8> DK 
<9> RF 

[##lab Use/near water-based paint ystrdy 

>yslv< (Did you use or were you around anyone while they were using:) 

Any solvents (yesterday)? 
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<5> No 

<8> DK 
<9> RF 

[##lab Use/near any solvents ystrdy 

>ypst< (Did you use or were you around anyone while they were using:) 

Any pesticides (yesterday) such as bug strips or bug sprays? 

<1> Yes(goto yps2) 

<5> No 

<8> DK 
<9> RF 

[##lab Use/near pesticides ystrdy 

[goto ysp] 

>yps2< While you were around pesticides yesterday, were you mostly indoors 

or outdoors? 



<1> indoors 
<5> outdoors 

<7> (CODE ONLY AFTER PROBE) Both indoors and outdoors equally 

<8> DK 
<9> RF 

[##lab Pesticides indoors or outdoors 


>ysp< 


(Did you use or were you around anyone while they were using:) 
Any soaps or detergents (yesterday)? 


<1> Yes 
<5> No 

<8> DK 
<9> RF 

[##iab (Jse/near soap, detergents ystrdy 


>ycln< (Did you use or were you around anyone while they were using:) 

Any other household cleaning agents such as Ajax or ammonia 
(yesterday)? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 
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[##lab Use/near HR cleaning agents ystrdy 

>yaro< Yesterday, did you use any personal care aerosol spray products such as 

deodorants or hair spray or were you in a room while they were being 
used? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[##lab Ose/near personal aerosols ystrdy 

>yshr< Did you take a hot shower yesterday? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[##lab Take hot shower ystrdy 

>ybth< Did you take a hot bath or use an indoor hot tub yesterday? 

<1> Yes 
<5> No 

<8> DK 
<9> RF 

[##lab Hot bath, indoor hot tub ystrdy 


>yage< Now I have a few background questions about you, to be sure we talk to 

people from all walks of life. 

How old were you on your last birthday? 

<12-17> Exact age 

<98> Don't know 
<99> Refused 

[##lab Youth R age in years 

>yedu< What is the last grade in school you have COMPLETED? 

<0-6> Elementary grades 
<7-8> Junior high grades 
<9-ll> High school grades 
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<12> High school graduate (or GED) 

<13—15> some college 
<16> college graduate 

<88> DK 

<9 9> RF 

[♦♦lab Youth R year of education][♦♦md2 88] 

>ysex< INTERVIEWER CODE SEX OF YOUTH RESPONDENT: 

YOUTH RESPONDENT'S NAME IS "[fill ynam]" 

(ASK ONLY IF ABSOLUTELY UNSURE:) Are you male or female? 

<1> Male 
<5> Female 
[♦♦lab Youth R sex 



chck] 
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* 


>dzid< 

>zay< 

>Dcid< 

>adyt< 

[allow 

[allow 

[allow 

[store 

[allow 

[store 

4] [loc 0/1] 

1] [loc 0/5] 

4] [loc 1/1] 
dzid in Dcid][ 
1][loc 1/5] 
zay in adyt] 

open out] 


>carl< 

>car2< 

>zCD< 

>zout< 

[allow 

[allow 

[allow 

[allow 

2] [loc 1/79] 

2] [loc 2/79] 

1] [loc 0/19] 

1] [loc 0/20] 

** put 
* * put 

item CD outcome on zero 
item out outcome status 

>date< 

>datl< 

>dat2< 

>dat3< 

[allow 6][loc 2/30] 
[setdate date] 

[allow 2][equiv date 
[allow 2][equiv date 

position 1] 
oosition 3] 

• 

>btml< 

>stml< 

[allow 4][loc 2/40] 
[settime btml] 




for ref 
on zero 


* * 
* * 


i 


[♦seating up the date and month fill for yesterday 


>mnnm< 

>danm< 


[allow 9][loc 2/45] 
[allow 14] 


>dtsl< 


>dts2< 


>smon< 


>smn2< 


[if 

dat3 

ne 

A 

o 

H 

V 

iQ 

0 

ft 

o 

[if 

dat2 

eq 

<03>] 

[store 

[if 

dat2 

eq 

<05>] 

[sto 

re 

[if 

dat2 

eq 

<07>] 

[sto 

re 

[if 

dat2 

eq 

<10>] 

[sto 

re 

[if 

dat2 

eq 

<12>] 

[sto 

re 

[ stc 

?re <thirty-fi 

rst> 

• 

i 

[ enc 

iif] 

[enc 

iif 1 [ 

endif ] 

[if 

dat2 

eq 

<01>] 

[sto 

re 

[if 

dat2 

eq 

<02>] 

[sto 

re 

[if 

dat2 

eq 

<03>] 

[sto 

re 

[if 

dat 2 

eq 

<04>] 

[sto 

re 

[if 

dat2 

eq 

<05> ] 

[sto 

re 

[if 

dat2 

eq 

<06>] 

[sto 

re 

[if 

dat2 

eq 

<07>] 

[sto 

re 

[if 

dat2 

eq 

<08>] 

[sto 

re 

[if 

dat 2 

eq 

<09>] 

[sto 

re 

[if 

dat2 

eq 

<10>] 

[sto 

re 

[if 

dat2 

eq 

<11>] 

[sto 

re 

[if 

dat 2 

eq 

<12>] 

[sto 

re 


<twenty-ninth> 
<thirtieth> in 


<thirtieth> 


in 

in 

in 


in danm][else] 
danm][else] 
danm][else] 
danm][else] 
danm][else] 


[endif] [endif][goto smn2] 


( 

[ 


[if 

[if 

[if 

[if 


] [endif] [endif] 
] [endif] [endif] 


[endif][endif][endif][endif][endif][endif] 


dat2 eq 


< 02 >] 
<03> ] 
<04>] 
<05>] 


[ sto 

[s 

[sto 

[sto 


re <January> in mnnm][goto Rl][else] 

in mnnm][goto Rl)[else] 
in mnnm][goto Rl][else] 
re <April> in mnnm][goto Rl][else] 
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[if dat2 eq <06>][store <May> in mnnm] [goto R1][else] 

[if dat2 eq <07>][store <June> in mnnm][goto Rl][else] 

[if dat2 eq <08>)[store <July> in mnnm][goto Rl][else] 

[if dat2 eq <09>][store <August> in mnnm][goto Rl][else] 

[if dat2 eq <10>][store <September> in mnnm][goto Rl][else] 

[if dat2 eq <11>][store <October> in mnnm][goto Rl][else] 

[if dat2 eq <12>][store <November> in mnnm][goto Rl][else] 

[if dat2 eq <01>][store <December> in mnnm][goto Rl][else] 

[endif][endif)[endif][endif][endif][endif][endif][endif][endif] 

[endif][endif][endif] 

>sday< [if dat3 eq <02>][store <first> in danm][else] 

[if dat3 eq <03>][store <second> in danm][else] 

[if dat3 eq <04>] [store <third> in danm] [else] 

[if dat3 eq <05>][store <fourth> in danm][else] 

[if dat3 eq <06>][store <fifth> in danm][else] 

[if dat3 eq <07>][store <sixth> in danm][else] 

[if dat3 eq <08>][store <seventh> in danm][else] 

[if dat3 eq <09>][store <eighth> in danm][else] 

[if dat3 eq <10>][store <ninth> in danm][else] 

[if dat3 eq <11>][store <tenth> in danm][else] 

[if dat3 eq <12>][store <eleventh> in danm][else] 

[if dat3 eq <13>][store <twelfth> in danm][else] 

[if dat3 eq <14>][store <thirteenth> in danm][else] 

[if dat3 eq <15>][store <fourteenth> in danm][else] 

[if dat3 eq <16>][store <fifteenth> in danm][else] 

[if dat3 eq <17>] [store <sixteenth> in danm] [else] 

[if dat3 eq <18>][store <seventeenth> in danm][else] 

[if dat3 eq <19>] [store <eighteenth> in danm] [else] 

[if dat3 eq <20>][store <nineteenth> in danm][else] 

[if dat3 eq <21>][store <twentieth> in danm][else] 

[if dat3 eq <22>][store <twenty-first> in danm][else] 

[if dat3 eq <23>][store <twenty-second> in danm][else] 

[if dat3 eq <24>] [store <twenty-third> in danm] [else] 

[if dat3 eq <25>][store <twenty-fourth> in danm][else] 

[if dat3 eq <26>] [store <twenty-fifth> in danm] [else] 

[if dat3 eq <27>][store <twenty-sixth> in danm][else] 

[if dat3 eq <28>] [store <twenty-seventh> in danm] [else] 

[if dat3 eq <29>][store <twenty-eighth> in danm][else] 

[if dat3 eq <30>][store <twenty-ninth> in danm][else] 

[if dat3 eq <31>][store <thirtieth> in danm][else] 

[endif][endif][endif][endif][endif][endif][endif][endif][endif][endif] 
[endif][endif][endif][endif][endif][endif][endif][endif][endif][endif] 
[endif][endif][endif][endif][endif][endif][endif][endif][endif][endif] 



>R1< [roster create activity] 


>tbeg< 

[allow 

4 ] [loc 

1/6] 

[♦time act begins 


jo 

>tend< 

[allow 

A ] [loc 

1/10] 

[♦time act ends 


/ 

>ETIM< 

[allow 

4] [loc 

1/14] 

[♦elapsed time of 

act 

CF? 

>CTIM< 

[allow 

4] [loc 

1/18] 

[♦cumulative time 

% 

total 
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oo 

frO 

■cm 

CD 

CO 
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* VJ 


•« * • * • 


V* V - -V 


>ACCD< 


>nckl< 


[store <0000> in CTIM] 

[allow 3][loc 1/31] [Ithree digit, activity 
[store <00Q> in ACCD] 

[allow 45)[loc 1/34] [♦ACT - Name of 

[allow 2][loc 2/5] [^numerical cod 

[allow 2] [loc 2/7] [♦ status of entity - DE 

[allow l][loc 2/9] [# flag for "no" answer 


Name of activity 

rical code for precoded activities-removed Oct. 11 


r OK 
CONT 


>Rlb< 


[roster close] 


>PAT1< [allow 4][loc 2/10] [^previous activity time store for computations 


>AT0T< 


[allow 1] 

[store <0> in ATOT] 


[♦total of activities reported 


>adcl< 

>DT01< 


[allow 1] 
[allow 1] 
[allow 1] 
[allow 1] 


[# keeps 


track of 
[♦checks 


whether o 
to see if 

[# 


not STRT has been answered 
want to append a new object 
[♦Deleted activity counter 
Non-completed diary flag 


>STRT< 


Now, more specifically about how you spent 
I'd like you to start with midnight, night 
and go through the entire 24 hours ending 
For each thing you did during that period, 
be asking you to tell me: 


your time YESTERDAY, 
before last, 
t midnight last night 
I'll 



What 

Wher 

What 


you were 
you wer 
time you 


doing, 

, and 
turned 


to something else. 


Please tell me about everything you did y 
that it happened. There shouldn't be any 
between activities. (WHEN READY, T 


rday in the 
s in time 
1 ) 


<1> Start entering diary activities[goto TR21] 
(5) ACTIVITY CODING ONLY [♦goto cdst] 


>TR21< 


[if 

[if 


goto RR1] 
goto chglj 


>RR1< 


roster reopen activity] 


[if stxx+ eq < 
(if AT0T+ eq 
[if cxxl+ 
[goto 
[endif] 
[else) 


< 0 >] 




> 


-* <■ * -r a 


ocuments 
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[if ATOT+ gt <0>] 

[if STA ne <>)[roster append][endif] 

[goto tFrs] 

[else] 

[if adcl + eq <x>] 

[if STA ne <>][roster append][endif] 

[goto tFrs] 

[else] 

[goto clsl] 

[endif][endif][endif][endif] 

[store <x> in stxx+] 

[store <> in adcl+] 

[if STA ne <>] 

[roster append] 

[endif] 

[if ATOT+ eq <>] 

[store <0> in ATOT+] 

[endif] 

>tFrs< [if ATOT+ gt <0>][goto nxtl][else] 

[goto Frst][endif] 

>Frst< What were you doing at midnight night before last? [equiv actN] 

(12:00am, the [fill danrtrf] of [fill mnnmt ] ) 

<0> SOMETHING ELSE - NONE OF THESE BELOW[goto Frs2] 

<1> Working at main job 

<2> Eating a meal or snack 

<3> Sleeping at night ' 

<4> Travelling; in transit 


—>[goto Fact] 

>Frs2< INTERVIEWER ENTER BRIEF DESCRIPTION OF ACTIVITY: [allow 45][equiv ACT] 

(Only 44 characters allowed) 

I I 

—> [goto whrl] 


>nxtl< [display acts single]What did you do next? [equiv actN] 

<0> SOMETHING ELSE - NONE OF THESE BELOW[goto nxt2] 

<1> Working at main job 

<2> Eating a meal or snack 

<3> Sleeping at night 
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<4> Travelling; in transit 



——>[goto Fct2J 

>nxt2< INTERVIEWER ENTER BRIEF DESCRIPTION OF ACTIVITY: [allow 45][equiv ACT] 

(Only 44 characters allowed) 


—-> [goto whrl] 


>Fact< [if Frst 

[if Frst 
[if Frst 
[if Frst 
[endif] 


<1>][store 
<2 >][store 
<3>][store 
<4>][store 


<working (at main job)> in ACT][goto twhr][else] 
<eating a meal or snack> in ACT] [goto twhr] [else] 
<sleeping at night> in ACT][goto twhr][else] 
<travelling; in transit> in ACT][goto twhr) 


[endif] 


>Fct2< [if nxt1 

[if nxt1 

[if nxtl 

[if nxtl 

[endif] 

[endif] 

[endif] 

[endif] 



eq 

eq 

eq 


<1>][store 
<2>][store 
<3>][store 
<4>][store 


<working (at main job)> in ACT][goto twhr][else] 
<eating a meal or snack> in ACT][goto twhr][else] 
<sleeping at night> in ACT][goto twhr)[else] 
ctravelling; in transit> in ACT][goto twhr] 


>twhr< 


[if Frst eq <4>][goto whr4][endif] [#added Oct 22] 
[if nxtl eq <4>][goto whr4][endif] 


>whrl< (ASK IF NECESSARY:)Where were you when you (were) * 

"[fill ACT]"? [loc 1/23] 


<1> Home(goto whr2] 

<3> Away from home [goto whr3] 
<5> In transit [goto whr4] 



>whr2< (ASK IF NECESSARY:)Where in your house were you? 

<1> Kitchen <7> Garage 

<2> Living rm, family rm, den <8> Basement 

<3> Dining room <9> Utility/Laundry Rm. 

<4> Bathroom <10> Pool, Spa (outside) 

<5> Bedroom <11> Yard, Patio, other outside house 

<6> Study/office 


<12> moving from room to room in the house 
<x> Other (SPECIFY)[specify] 

—“> [goto tsmk] 
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>whr3< (ASK IF NECESSARY:) Where were you? 


>whr4< 


>tsmk< 


>Osmk< 


<1> Office building, bank, post office 
<2> Industrial plant, factory 

<3> Grocery store (convenience store to supermarket) 

<4> Shopping mall or (non-grocery) store 

<6> Public bldg (Library, museum, theater) 

<7> Hospital, health care facility, or Dr's office 
<8> Restaurant <9> Bar, Nightclub 

<10> Church 

<11> Indoor gym, sports or health club 
<12> Other people's home 

<13> Auto repair shop, indoor parking garage, gas station 
<14> Park, playground, sports stadium (outdocr), 

<15> Hotel, motel 

<16> Dry Cleaners <17> Beauty Parlor; Barber Shop; Hairdressers 
<18> At work: no specific main location; moving among locations 
<x> Other indoors (SPECIFY)[specify] <z> Other outdoors (SPECIFY)[specify] 

-—>[goto tsmk] 

(ASK IF NECESSARY:) How were you travelling? Were you in a car, 
walking, in a truck, or something else? 


<1> Car 

<2> Pick-up truck or van 
<3> Walking 

<4> Bus/train/ride STOP 
<5> Bus 

<6> Train/Rapid transit ' 

<7> Other truck 
<8> Airplane 
<9> Bicycle 

<10> Motorcycle, scooter 
<x> Other (SPECIFY)[specify] 

[♦if Frst eq <3>][#goto tbrk][lendif] ***deleted 10/22/87 per PJ 
[♦if nxtl eq <3>][♦goto tbrk][#endif] 

[♦goto Osmk] 

Were you around anyone (else) who was smoking a cigarette, [loc 1/30] 
cigar, or pipe (while you (were) 

M [fill ACT] H )? 

(OR USE AS NEEDED:) 

Any (other) smokers present? 


<1> Yes 
<5> No 
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>tbrk< 

>brk< 


>etml< 
>et 1< 


>eyx< 
>ey 1< 

>et2< 

>et3< 



>ltim< 

>sctl< 






<8> DK; not sure 
<9> RF 

[if Frst eq <1>][goto brk][endif] 

[if nxtl eq <1>][goto brk][endif] 

[goto etml ] 

(IF THIS CURRENT ACTIVITY IS "BEING AT WORK AT A PAID JOB.") 

While you (were): 

M [fill ACT]," 

if you WENT AWAY from your main place of work or main job site, 
either for job-related reasons, for personal business, 
or for lunch, breaks, or any personal errands, 
please report these activities separately. 

All of the time you spent in any one location while at work 
can be reported as one activity. 


[loc 2/20] 

(TYPE <g> TO PROCEED) 

[allow 7] 

[display acts single]What time did you finish 
"[fill ACT]" 

(and turn to something else?) [equiv etml position 1] 

* 

Code <x> if last activity of diary day[goto ltim] 

<1-12> --->[goto eyx] 

[allow 1] [equiv etml position 3] 

[store <:> in eyx] 

<00-59> —>[no erase][equiv etml position 4] 

<1> am 

<5> pm [goto et3a] [no erase] 

[allow 2][equiv etml position 6] 

[if et3 eq <1>][store <am> in et3a][else] 

[if et3 eq <5>][store <pm> in et3a][endif][endif] 

[goto sctlj 

[store <ll:59pm> in etml][goto sctl] 

(store <> in adcl+] 

[store <OK> in STA] 
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[if ATOT + eq <10>] [goto clsl] [else] 

[goto CONT)[endif] 

>CONT< [display acts single](TO CONTINUE ADDING ACTIVITIES,[loc 2/70] 

ANSWER YES. TO REVIEW THE DAY'S ACTIVITIES, ANSWER NO.) 

*IF ACTIVITY LASTED TWO HOURS OR LONGER, PROBE: "You've said that 
(activity) lasted quite a while. Is there anything else that you 
might have been doing during that time that we've overlooked?** 

<1> Continue adding activities[goto rapl] 

<5> Finished adding activities 

-—>Cgoto scla] 


>rapl< [if STA ne <>][add <1> to ATOT+][roster append][endif] 

[goto nxtl] 

>scla< [store <> in adcl+] 

[store <5> in cxxl+] 

[goto clsl] 



>clsl< 


close ] 


>chgl< [display acts]Thinking back over the 24 hour period we've just been 

talking about, is there anything we need to add or anything that we 
included that happened either before or after that period? 

(TO ADD :jb CONT n) 

f 

<1> COMPLETE LIST - neither add nor delete [goto tout] 

<5> Delete an activity [goto R71] 


>R71< [roster begin activity] 

>dell< Does ’’[fill ACT]” 

need to be deleted? 

<1> Yes 
<5> No 

» 

>tstl< [if dell eq <1>] 

[store <DL> in STA] 
[else] 

[store <OK> in STA] 
[endif] 

[goto R7 la ] 
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>R71a< 


Croster end] 


>blcl< 

>tim2< 

>tout< 

>act3< 

>cdst< 

>RTD1< 

>adtm< 

>acst< 


[store <> in chgl] 
[goto chgl] 


[allow 4][loc 3/6] 

[if tim2 eq <>] 

[settime tim2][goto out][else] 
[goto out][endif] 

ROSTER TABLE 
************ 


[roster table activity < 


ACT etna STA>] 


Begin coding diary? 

<1> Yes 

<5> No [goto out] 

[roster begin activity] 

[if STA eq <0K>] [goto acst] [else] 
[goto retd][endif] 


[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[if 
[ 

[ 


actN eq <1>)[store 
actN eq <3>][store 
actN eq <4>][store 
actN eq <5>][store 
actN eq <6>][store 
actN eq <7>][store 
actN eq <8>][store 
actN eq <9>][store 
actN eq <10>] [sto 
actN eq <11>][sto 
actN eq <12>] [sto 
actN eq <13>][sto 
actN eq <14>] [sto 
actN eq <15>][sto 
actN eq <16>][sto 
actN eq <17>][store 
actN eq <0>][store 
actN eq <>][store 
][endif][endif][ 

][endif][endif][ 

] [endif] [endif] [ 


[ 

[endif][endif][endif] 


<011> in ACCD] 
<108> in ACCD] 
<4 3 9> in ACCD] 
<118> in ACCD] 
<129> in ACCD] 
<4 59> in ACCD] 
<4 08> in ACCD] 
<4 09> in ACCD] 
<449> in ACCD 
<302> in ACCD 
<301> in ACCD 
<3 9 9> in ACCD 
<752> in ACCD 
<7 99> in ACCD 
<919> in ACCD 
<914> in ACCD 
<> in ACCD][el 
in ACCD] 
endif][endif] 
endif][endif] 
endif][endif] 


[else] 
[else] 
[else] 
[else] 
[else] 
[else] 
[else] 
[else] 


[♦work at main job 
[ ♦cooking 
[feat at home 

[♦dishes and kitchen cleanup 
[♦routine indoor cleaning 
[♦sleep at night 
[ ♦bath,wash 

[♦dress, personal hygiene 


] [else] [#meal at restaurant 

] 


[else][♦shopping-not food 
[else][#shopping-food 
[else][♦shopping-travel 

[♦visit friends 
[♦travel for social activity 
] [else] [#TV 
] [else] [♦cable,VCR 


[else] 
[else] 


] 
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>tndl< [allow 2] [equiv tend position 1] [#end time hours - 24 hour clock 
>tnd2< [allow 2][equiv tend position 3][tend time minutes 

>tseq< [if STA eq <0K>][goto pp3][else] 

[goto psen][endif] 

>pp3< [if etml eq <ll:59pm>] [store <2400> in tend] [goto bdt] [else] 

[goto p3][endif] 

>p3< [if etl eq <12>][store <00> in tndl][else] 

[store etl in tndl][endif] 

[store et2 in tnd2] 

[if et3 eq <5>] [add <1200> to tend] [endif] 


>bdt< [store PAT1 + in tbeg] 

[store tend in PAT1+] 

>stl< [subtime tbeg from tend into ETIM][*ETIM and CTIM will be wrong for 

[tout of sequence activities 



>adtl< [addtime ETIM to CTIM] 

>psen< [store Dcia+ in Dcid] 

[store carl + in carl] 


>acd2< [if STA ne <0K>][goto retd][else] 

[if ACCD eq <>][goto icod][else] 
[goto retd][endif][endif] 


>icod< INTERVIEWER ENTER ACTIVITY CODE FOR: 

"[fill ACT]"[equiv ACCD] 


f 


<l-998> Enter two digit code from ' Tabl.e 1: Basic Code Categories'’ 
<999> Uncodable travel 

<000> No activity entered; no activity codable 

>retd< [roster end] 

>CD< Diary coding complete:(loc 2/73] 

* * 

<1> Yes 
<5> No 
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<1> Diary entry COMPLETE 
<3> Diary entry NOT complete 


<5> Diary coding NOT complete 
<7> ALL diary coding COMPLETE 


>cmpl< [store CD in zCD] 

[store out in zout] 

[store <> in STRT] 

[store <5> in cxxl] 

[store <> in CD] 

[store <> in out] 

[if out isnt <7>][skip][endif] ** coding finished: case to middle ** 

[if out is <7>][return][endif] ** don't sk users out as 7 easily ** 

[complete] 
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Introduction 

The 1987-88 California Activity Pattern Survey was designed to 
measure the exposure of California residents to airborne toxics in the 
home and the workplace and to obtain some additional information about 
the respondents' opinions and behavior. The survey was funded by the 
Air Resources Board of the State of California. 

The Survey Research Center of the University of California, Berke¬ 
ley, contracted to design a telephone sample of households of the State 
of California, assist in questionnaire construction, conduct the inter¬ 
viewing, and prepare the data for analysis. This report summarizes the 
sampling methods used for this study. The general design of the sample 
is given first. Then various aspects of the design are described in 
more detail. 


1. General Design of the Sample 

The sample is a clustered random-digit telephone sample of all 

households in California. The sample was generated using procedures 

* 

described by J. Waksberg ("Sampling Methods for Random Digit Dialing," 
Journal of the American Statistical Association, vol. 73, March 1978, 
pp. 40-46). Households with no telephone, of course, are excluded. 
Households with no English-speaking adults were also excluded by design, 
in order to avoid the cost of translating the questionnaire and hiring 
bilingual or multilingual interviewers. 

Prior to selection, all of the telephone exchanges in the state 
were grouped into three strata: South Coast Region, the San Francisco 
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Bay Area, and other areas of the state. When clusters of telephone 
numbers were selected for the study, the sampling fraction was doubled 
for the San Francisco Bay Area, in comparison with the South Coast 
Region; the sampling fraction was doubled again for other areas of the 
state. This oversampling was carried out in order to spread the 
selected households more widely over a variety of climatic zones. 

Within each selected household, one adult aged 18 or over was 
selected at random to be interviewed. Part of the adult interview 
included an ennumeration of children aged 12 through 17 residing in the 
household. If a child in that age range resided there, permission was 
sought from the appropriate parent or guardian to administer a shortened 
version of the interview to the child. If more than one child in that 
age range resided in the household, one child, referred to as the “youth 
respondent," was selected at random to be interviewed. 


2. Stratification 


A goal of this study was to obtain information from households in a 
wide variety of climatic zones. Since most of the California population 
is clustered in a few metropolitan areas, an unrestricted sample would 
result in the completion of very few interviews in other more sparsely 
populated, but climatically diverse, areas of the state. A stratifica¬ 
tion of all the telephone exchanges in the state was carried out, there¬ 
fore, in order to provide a means of oversampling the non-metropolitan 
areas and of distributing the sample over as many climatic zones as pos¬ 
sible. There are two aspects of this stratification: the creation of 
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three explicit major strata, and an implicit geographic stratification 
within'each of the major strata. Let us review each of these aspects in 
turn . 


2.1 Creation of Three Major Strata 

A list of all the central office telephone codes (prefixes) in Cal¬ 
ifornia was taken from the August 1987 American Telephone and Telegraph 
V & H Coordinate Tape (produced monthly by AT&T). The record for each 
prefix includes the area code, the prefix (first three digits of a phone 
number), the name of the city or billing location, and two geographic 
coordinates (north-south and east-west). After deletion of prefixes for 
directory assistance and time, and of a few other prefixes known to be 
non-residential, the remaining prefixes were divided into three groups 
or strata. 

The first stratum was the South Coast Region, comprising the South 
Coast air basin and San Diego County. Information on the boundaries of 
the South Coast air basin was obtained from the South Coast Air Quality 
Management District. That information was then compared with the city 
names on the prefix records (after sorting them on geographic coordi¬ 
nates) in order to decide into which stratum to place each telephone 
prefix. It turned out that the prefixes in the 818, 213, and 714 area 
codes cover that area almost exactly. As for San Diego County, prefixes 
in the southern part of the 619 area code were sorted from east to west; 
then place names were compared with a map; and the western portion was 

placed into the South Coast Region stratum. • ^ 
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The second stratum was the San Francisco Bay Area. Boundary infor¬ 
mation - for that air basin was obtained from the Bay Area Air Quality 
Management District. The five-county center of that area coincides with 
the 415 area code. However, the air basin also includes Napa County, 
the southern portions of Sonoma and Solano counties, and the northern 
portion of Santa Clara County (principally San Jose). Prefixes in the 
707 and 408 area codes were therefore sorted from north to south; then 
place names were compared with a map; and the appropriate prefixes were 
placed into the San Francisco Bay Area stratum. 

The third major stratum consisted of all the California prefixes 
left over, after creating the first two strata. Because of the hetero¬ 
geneity of this third stratum, we found it desirable to carry out some 
further stratification, as described next. 



2.2 Further Implicit Stratification 

Prior to the selection of primary clusters, prefixes within each 
area code (or within each part of an area code, if it had been divided 
between major strata) were sorted geographically, using the north-south 
and the east-west coordinates on the AT&T tape. The direction of the 
sort for each area code is shown in Table 1. For example, all of the 
prefixes in area code 818 fall within the South Coast major stratum, and 
they were sorted from north to south (n-s). 

The purpose of this sorting was to distribute the sample propor¬ 
tionately over the various regions within each major stratum. The third 

stratum in particular ("other areas of the state") includes several 
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Table 1 

STRATIFICATION OF AREA CODES AND PREFIXES 
(Treatment of 10 California Area Codes) 


Area Portion Sort Location 

code 

1. South Coast Reqion 


(818) 

all 

n-s 

Los Angeles Co. 

(213) 

all 

n-s 

Los Angeles Co. 

(714) 

all 

w-e 

Orange, Riverside, part of S. Bern, counties 

(619) 

SW part 

e-w 

San Diego County 


2. San Francisco Bay Area 


(707) S part 
(415) all 
(408) N part 


n-s Napa Co., S. parts of Sonoma and Solano 

n-s S . F., Alameda, Contra Costa, S. Mateo, Marin 

n-s Santa Clara Co. 


3. Other Areas of State 


(707) 

N part 

s-n 

(916) 

all 

n-s 

(619) 

N & SE 

n-s 

(209) 

all 

n-s 

(805) 

all 

e-w 

(408 ) 

S part 

s-n 


North coast 

Northern valley art mountains 
Desert 

Central valley 

Central valley and coast 

Central coast 


Note: Prior to systematic random selection of primary clusters, prefixes 

within each (part of an) area code were sorted geographically in the 
direction indicated; the sorted area code lists were then put together in 
the order shown into one list for each major stratum. 
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regions of distinct, interest. This sorting procedure ensured that each 
of the- regions were included in the sample in proportion to its number 
of telephone prefixes. 

After the prefixes were sorted within area code, all of the prefix 
lists within a major stratum were put together into one list, in the 
order given in Table 1. The lists for each major stratum were then 
ready for the selection of primary clusters. 


3. Selection of Primary Clusters 

Our goal for the first stage of sampling was to identify approxi¬ 
mately 250 clusters of residential telephone numbers throughout the 
state. Most random telephone numbers are either non-working, business, 
or government numbers. In order to identify 250 residential numbers, we 
estimated (based on past experience) that we should start with about 935 
numbers. Since it is preferable to subsample an equal number of units 
within each cluster, the oversampling of certain parts of the state was 
done at this stage of primary cluster selection. 

Within each of the three major strata we selected a certain propor¬ 
tion of possible telephone numbers by systematic random sampling -- that 
is, by setting a selection interval, taking a random start, and then 
selecting every nth number. The systematic nature of the procedure 
ensured that the implicit geographic stratification of the prefixes 
would be preserved. 

The proportion of telephone numbers selected from each major stra¬ 
tum is shown in Table 2. In the South Coast stratum, for example, we 
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Table 2 

SELECTION OF PRIMARY CLUSTERS 

No. Prefixes Selections Fraction 

Major Stratum 


South Coast 

1532 

194 

.127 

S.F. Bay Area 

759 

192 

.253 

Other Areas of State 

1085 

550 

.507 


3376 

936 
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selected 194 out of 1532 prefixes (each of which has 10,000 possible 
telephone numbers), or .127 of the prefixes. The proportion selected 
was doubled for the San Francisco Bay Area, and doubled again for the 
other areas of the state. This disproportionate sampling was carried 
out in order to spread the sample over a wide variety of climatic zones. 
Without such disproportionate selection, the sample would have been 
clustered primarily in a few large urban areas. Note that a weight 
inversely proportional to the rate of oversampling must be used in the 
data analysis if statewide estimates of statistics are made. 

After the primary telephone numbers were selected, each was called 
and administered a short screening interview to determine if the number 
was a residence. If it was not, that cluster was dropped from the sam¬ 
ple. If, on the other hand, the number was a residence, additional 
telephone numbers within that cluster were generated for the main study. 
Of the 936 original telephone numbers, 252 were determined to be 
residences and formed the clusters for our sample. 


4. Selection of Telephone Numbers 


The telephone numbers within each cluster were generated by varying 
at random the last two digits of the primary number. For example, if 
the primary number for a cluster was (415) 642-6578, additional tele¬ 
phone numbers within the cluster were generated by replacing the "78" 
with one of the 99 other two-digit possibilities. 

Under the clustered sampling procedure, a set of telephone numbers 
is prepared for interviewing from each cluster. If a telephone number 
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turns out to be non-residential, it is replaced. The total number of 


residences in each cluster, consequently/ remains fixed 


The probabil¬ 


ity of selecting a household is constant across clusters (within major 
strata), provided that the same number of residential telephone numbers 


has been set up for interviewing 


For this study, most clusters had 11 


residential numbers, although a few clusters had a different number. A 
weight to adjust for this variation could be used in data analysis, 
although its effect would be negligible in this case. Weights to adjust 
for major differences in selection probabilities are discussed next. 


5. Creation of Weights for Each Case 

Weights were computed to adjust for unequal probabilities of selec¬ 
tion and also to balance results by season and day of the week. We will 
describe each of these two types of weights. 


5.1 Adjustment for Selection Probabilities 

Households in the three major strata were selected into the sample 
at different rates, as described above in Section 3. Analyses which 
pool data from different strata, consequently, should use a weight to 
adjust for those different selection probabilities. Otherwise the 
resulting statistics will disproportionately reflect persons residing in 
the oversampled rural areas and the San Francisco Bay Area. 

Another factor affecting the probabilities of selection is the 
number of adults and eligible youth in each selected household. Since 
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only one adult and one eligible youth were selected for interviewing in 
each household, persons residing in small households were more likely to 
be selected than persons in large households. 

One other factor that should be taken into account is the number of 
distinct telephone numbers that ring in each household. A person who 
can be reached on two telephone numbers has twice the chance of being 



selected as a person with only one number. The former should therefore 
receive half the weight of the latter in computing statistics. 

All three of these factors were taken into account in computing a 
weight to adjust for unequal probabilities of selection. The weight for 
each adult respondent was computed as follows: 

W = kp/gt 
where, 

p = number of eligible persons (age 18 or over) in the household 
g = geographic factor 

(South Coastal; Bay Area=2; Rest of State-4) 
t = number of telephone numbers into household 

k = a constant, the same for all adults, selected to make the 

weighted number of adults equal the actual unweighted 
number of adult respondents. 

The weight for each youth respondent was computed in the same way. 
The values of g and t were the same as for the adult respondent in the 
same household. The value of p, on the other hand, was the number of 
eligible youth in the household. The value of k was set to make the 
weighted number of youth match the unweighted total of youth respon¬ 
dents . 


These two weights are contained in the data record for each case. 
They are identified in the codebook with the following names: 
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sampwt Adult household sampling weight 
ysampwt Youth household sampling weight 


5.2 Adjustment for Season and Day of Week 


The activities asked about during the interview always referred to 
"yesterday.” Since activity patterns vary by season and day of the week, 
it is necessary to take into account just when the interview was done. 

A disproportionate number of interviews were done on weekends, for 
instance, because that is when many people are more likely to be home to 
answer the telephone. The distribution of interviews over the four sea¬ 
sons was also not exactly the same. 

In order to adjust for the distribution of interviews over days of 
the week and seasons, a weight for each respondent was computed. For 
purposes of computing this weight, we classified each completed inter¬ 
view by the day of the week on which the reported activities took place 
(not the day of the interview itself, which was a day later); the days 
were combined into three categories: Saturday, Sunday, and weekday. 
Similarly, we classified each completed interview by the season during 
which the reported activities took place; the seasons were defined by 
the four sets of calendar quarters: January-March, April-June, July- 
September, and October-December. 

If the interviews had been spread perfectly evenly over the year, 
we would expect that the proportion reporting on activities for a Sunday 
in spring, for example, would be (1/7)*(1/4) - (1/28). The same propor¬ 
tion applies to a Saturday or a Sunday in each of the four seasons. The 
corresponding expected proportion, for a weekday in each season is 
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(5/7)*(1/4) = (5/28). 

To compute the appropriate adjustment, we generated the actual dis¬ 
tribution of respondents across the three day—categories and the four 
season-categories. The proportion expected in a given category (if the 
interviewing had been perfectly spread out), divided by the proportion 
actually obtained, is the adjustment factor. For example, we expect 
5/28 of the cases to report on activities referring to a weekday in the 
summer. If the actual proportion referring to a weekday in the summer 
is only 4/28, the adjustment factor is (5/28)/(4/28) = (5/4) = 1.25. 

This means that every completed case that reports on activities for a 
weekday in the summer would be assigned a weight which incorporates that 
adjustment factor. 

Since we wanted to combine this adjustment with the adjustment for 
unequal selection probabilities into a single weight, we used this 
latter weight in generating the season-by-day classification. This 
second weight for each adult respondent was then computed as follows: 

W' = hfW 


where. 


f = the seasonal adjustment factor, as described above 
W = the weight to adjust for selection probabilities 
h = a constant, the same for all adults, selected to make 

the weighted number of adults equal the actual non-weighted 
number of adult respondents 

The corresponding weight for each youth respondent was computed in 
the same way, except that the day-of-week adjustment was computed by 
combining Saturday and Sunday into a single weekend category. (There 
were not enough cases to make adjustments for individual days of the 
week.) Also, the youth weight for selection probabilities was used in 
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the computations. 

The weights to adjust for season and day of the week are included 
in the data record for each case. Note that these weights include the 
adjustment for selection probability. They are identified in the code¬ 
book with the following names: 

timewt Season weight for adult diary 
ytimewt Season weight for youth diary 


5.3 Which Weight to Use 

The sample was deliberately designed, at the request of the spon¬ 
sor, to overrepresent the non-metropolitan parts of the state, and the 
San Francisco Bay Area, relative to the South Coast area. If statistics 
are being computed separately for geographic areas that do not pool 
cases from more than one of the major strata, one might consider not 
using any weights at all. The values of the weight for selection proba¬ 
bility do not vary much within each major stratum. And since the 
adjustment for season and day of the week was done on the basis of the 
full statewide sample, the corresponding weight may not be appropriate 
for a given subsample. 

On the other hand, if statistics are being computed for the entire 
state, it is quite important to use at least the weight to compensate 
for unequal probabilities of selection ("sampwt" for adults; "ysampwt" 
for youth) e Otherwise there is likely to be a bias because of the 
over-representation of certain parts of the state. 

The weight to adjust (also) for seasonal and day-of-week effects 
could be important if a statewide analysis is focusing on variables or 


Source: https^/www.industrydocuments.ucsf.edu/docs.'hkbjOOOO 


2057826119 


14 




activities which are sensitive to the weekend/weekday distinction or to 
the particular time of the year. Since much of this study concerns such 
variables, it is probably a good idea to use these weights ("timewt" for 
adults; "ytimewt" for youth) most of the time. 


6. Field Outcome and Response Rates 

The disposition of each sampled household and each enumerated youth 
respondent is summarized in this sectioi . We will discuss each of these 
two outcomes in turn. 

Table 3 shows the results for each of the telephone numbers 
selected as described above in Section 4. As shown in Table 3, a total 
of 4969 telephone numbers was set up for interviewing. Of that number, 
2368 were not eligible households. Interviews were attempted with the 
remaining 2601 households. Of these 2601, interviews were completed 
with a randomly selected adult in 1579 households, yielding a response 
rate of 60.7 percent. The proportion of refusals was somewhat larger 
than we usually encounter in general population telephone samples, due 
perhaps to the relatively demanding nature of this interview. 

The results for youth are given in Table 4. We enumerated 256 
children between the ages of 12 and 17. Of that number, we completed 
interviews with 183, or 71.5 percent. The largest source of non¬ 
response for youth was informant refusals. In such cases the adult with 
whom the interviewer was speaking (usually the parent) refused to allow 
the selected young person to be interviewed. Note that we did not 
attempt to select and interview a young person unless the adult inter- 
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view had been successfully completed. Statistics for youth, conse¬ 
quently, will be based on those households in which both an adult and a 
young person completed the interview. 
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Table 3 

OUTCOME FOR HOUSEHOLDS AND ADULTS SAMPLED 



Number 

% of 

% of 



Total 

Eligible 

Total Selections 

4969 

100.0 


Ineligible for the Sample 




Not in service 

1303 

26.2 


Not a residence 

847 

17.0 


Never answered* 

57 

1.1 


Not English speaking 

161 

3.2 


Total ineligible 

2368 

47.7 


Eligible Sample Units 

2601 

52.3 

100.0 

Non-response 




Informant refused 

535 

10.8 

20.6 

Respondent refused 

232 

4.7 

8.9 

Respondent never home 

178 

3.6 

6.8 

Respondent cannot participate 

60 

1.2 

2.3 

incomplete diary 

17 

.3 

.7 

Total non-response 

1022 

20.6 

39.3 

Completed adult interviews 

1579 

31.8 

60.7 


*Never answered after at least 35 calls. 
Most are disconnected business numbers. 

A small proportion could be residential. 
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Table 4 

OUTCOME FOR ENUMERATED YOUTH RESPONDENTS 


Number 


% of 

Enumerated 


Total Enumerated Youth 

Non-response 

Informant refused 
Respondent refused 
Respondent never home 
Respondent cannot participate 
incomplete diary 

Total non-response 

Completed Youth Interviews 


256 

100.0 

45 

17.6 

5 

2.0 

19 

7.4 

3 

1.2 

1 

.4 

73 

28.5 

183 

71.5 
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ABSTRACT 


Background. Exposure to envi¬ 
ronmental tobacco smoke (ETS) has 
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been identified as a risk factor for 
chronic disease among nonsmokers. 
Results of epidemiological surveys 
suggest that the majority of non- 
smokers have regular ETS exposure. 
However, little is known about the 
topography of exposure. 

Methods. An exposure diary 
was used by 186 nonsmokers to self- 
monitor ETC exposure over a 7-day 
period. Subjects also completed a 
questionnaire that assessed their pat¬ 
terns of ETS exposure. 

Results. The primary source of 
ETS exposure was the workplace, 
except when there was a smoker in 
the household, in which case the 
household was the primary source. 
The presence of a smoker in the 
household resulted in higher levels of 

at work and in other 
locations when compared with sub¬ 
jects without household exposure. 
Subjects’ assessments of exposure 
on the questionnaire were consis¬ 
tently lower than their setf-monitored 
levels. This finding suggests that gen¬ 
eral exposure ratings underestimate 



MJt 



Conclusions. This study pro¬ 
vides a new understanding of the pat¬ 
terns of ETC exposure and may help 



interventions designed to reduce 
ETC exposure. {Am J Public Health. 
1992;8234-28) 


Introduction 

Exposure to environmental tobacco 
smoke (ETS) has been identified as a risk 
factor for lung cancer and chronic obstruc¬ 
tive pulmonary' disease among non- 
smokers. 1 - 7 Exposure to ETC increases 
acute respiratory symptoms and leads to a 
decrement in pulmonary function. 5 - 12 Re¬ 
sults of population-based surveys suggest 
that 88% of nonsmokers are aware of the 
negative health consequences of passive 
exposure to tobacco smoke. 33 Despite this 
general awareness, however, exposure to 
ETS is pervasive. More than 55% of the 
respondents to the Adult Use of Tobacco 
Survey reported that their workplace did 
not have any smoking restrictions. 13 In an 
interview study, Cummings and col¬ 
leagues found that over 75% of nonsmok¬ 
ers (n = 663) reported ETS exposure in 
the 4 days prior to their participation in the 
study. 14 

We must assess the pattern and de¬ 
gree of ETS exposure if we are to under¬ 
stand the disease risk associated with ex¬ 
posure and evaluate the success of 
interventions designed to minimize such 
exposure. The focus of this paper is on the 
measurement of acute daily exposure in 
field settings. One problem with measur¬ 
ing ETS exposure is that estimates of ex¬ 
posure are often based on global survey 
measures that rely on subjective estimates 
of quantity (e.g., “a little,” “some,” or “a 
lot”), 15 often over nonuniform periods of 
time. In addition, survey measures have 
been incomplete in assessing the parame¬ 
ters of exposure, such as location, source, 
intensity, duration, and ventilation. 16 - 18 
Therefore, although some global mea¬ 
sures have been useful, it is difficult to 
obtain specific estimates of the parameters 


of exposure on the basis of information 
obtained with survey measures. 18 

Little is known about the precise pa¬ 
rameters of exposure among nonsmokers 
in the natural environment. Knowledge 
about these parameters of exposure is im¬ 
portant for intervention, public health ed¬ 
ucation, and policy efforts designed to re¬ 
duce overall ETC exposure. 7 ’ 19 In this 
paper, by estimating daily exposure, we 
provide situation-specific information 
(place, time, intensity, and proximity) that 
may be useful for individuals in planning 
avoidance or reduction strategies to min¬ 
imize their exposure to ETS and for pol¬ 
icymakers to improve the protection of 
the public’s health. 20 

The data presented here are from a 
larger study designed to develop interven¬ 
tions to reduce ETS exposure in the work¬ 
place. The purpose of the present study 
was to develop a method for self-monitor¬ 
ing ETS exposure continuously over a 
7-day period, to use this method to docu¬ 
ment the frequency of exposure in natural 
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settings, and to document selected expo¬ 
sure parameters. Results obtained with 
this self-monitoring technique were also 
compared with global ratings typically 
used in survey research. 

Methods 

Subjects 

Recruitment efforts were focused on 
nonsmokers in workplace settings that 
were selected to have a wide range of ex¬ 
posure to ambient ETS. The work sites 
ranged from those with minimal restric¬ 
tion of smoking and high levels of expo¬ 
sure (e.g., long-term care and psychiatric 
facilities, chemical dependency treatment 
centers, a VA Hospital) to work sites with 
extensive smoking restrictions and low 
exposure (e.g., the state health depart¬ 
ment and community hospitals). Approx¬ 
imately two thirds of the participants were 
recruited directly from workplaces, and 
the remainder were recruited via newspa¬ 
per advertisements. 

Of 224 nonsmokers who volunteered 
to participate in a study of passive smok¬ 
ing, 38 were excluded because of incom¬ 
plete data. The demographic characteris¬ 
tics of the sample are presented in the 
Table. The subjects’ mean age was 41.7 
years (SD = 12.2). Their mean educa¬ 
tional level was 15.8 years (SD = 2.8), 
and their income range (modal) was 
$30 000 to $49 999. Ninety percent of the 
subjects worked outside the home. 
Eighty-four percent of those who worked 
outside the home (75.6% of the total sam¬ 
ple) reported being regularly exposed to 
smoking in the workplace. Thirty percent 
of the subjects reported living with one or 
more (range: one to four) smokers. 

Measures 

Exposure questionnaire. The expo¬ 
sure questionnaire provided a global es¬ 
timate of subjects’ exposure to ETS. The 
questionnaire was designed to elicit in¬ 
formation about the respondents’ percep¬ 
tion of their level of ETS exposure (num¬ 
ber of minutes per day, intensity of 
exposure) at various locations (work, 
home, and other). Several knowledge 
and attitude questions from the Office on 
Smoking and Health’s 1988 Adult Use of 
Tobacco Survey 13 were included; results 
based on these items will be presented 
elsewhere. 

Exposure diary. The exposure diary 
consisted of small (3.5 x 5 inches) printed 
cards (see Figure 1). Each entry required 
only a simple check mark or short re¬ 


sponse, which subjects were asked to 
make at the time of exposure. Subjects 
were instructed to define “exposure” as 
contact with an individual who was ac¬ 
tively smoking. The parameters assessed 
by the diary included number and duration 
of exposures location of exposure (work, 
home, other), intensity of exposure (num¬ 
ber of smokers), and distance from the 
source of exposure (“near” = less than 5 
feet; “far” = more than 5 feet). 

Procedure 

A research assistant met with all sub¬ 
jects on two separate occasions (1 week 
apart) to administer the exposure ques¬ 
tionnaire, to train subjects in the use of the 
exposure diary, and to collect the data. To 
facilitate appropriate use of the exposure 
categories, the research assistant had the 
subjects code several sample exposure 
scenarios and provided feedback about 
their coding accuracy. Self-monitoring be¬ 
gan on the day after the training session 
and continued for 7 consecutive days. The 
distribution of the initial da}' of monitoring 
across the days of the work week was ap¬ 
proximately equal. 

Ideally, the global exposure ques¬ 
tionnaire and the exposure diary would 
have been collected over the same time 
interval. However, the act of self-moni¬ 
toring (keeping the diary) would presum¬ 
ably have enhanced the accuracy of the 
global responses and confounded any 
meaningful comparison of the two ap¬ 
proaches. To minimize this confound, the 
exposure questionnaire was administered 
first, asking about the preceding 7-day pe¬ 
riod. After they completed the question¬ 
naire, the subjects were trained in the use 
of the 7-day exposure diary. To make the 
two 7-day time periods as comparable as 
possible, the subjects were asked to par¬ 
ticipate in the study during a 2-w'eek time 
period that reflected their typical daily life¬ 
style (e.g., at a time when they were not on 
vacation). 

Results 

Data Stability 

Exposure duration was similar when 
examined across different segments of the 
monitoring period (7 days vs last 3,2, and 
1 days); there were no significant differ¬ 
ences among the four sampling intervals, 
and the Pearson product-moment correla¬ 
tions among the intervals ranged from .85 
to .97. Therefore, average daily exposure 
based on information in the 7-day diary 
was used for all analyses. 



Data Reduction 

Individual exposure durations were 
calculated from the start and stop times of 
each exposure noted in the diary. Total 
duration of exposure (in minutes per day) 
was derived from the sum of the individual 
episodes of exposure. Exposure duration 
was computed for the entire 7-day moni¬ 
toring period. To assess the potential in¬ 
fluence of reactivity and response burden, 
the relative stability of shorter sampling 
intervals (24, 48, and 72 hours vs 7 days) 
was also computed. 

Parameters of Exposure Determined 
by the Exposure Diary 

Duration of exposure by location. In 
the total sample, as indicated in Figure 2, 
significantly' more of the exposure was en¬ 
countered at work, with home and “oth¬ 
er” contributing less to overall exposure. 
Approximately 50% of the exposure was 
in the workplace; the home environment 
accounted for 10% of the total daily ex¬ 
posure. However, when those with and 
those without a smoker in the household 
were examined separately, we found that 
subjects who lived with a smoker received 
more exposure in the home than in the 
workplace, omnibus F(33) = 4.47, 
P < .01 (see Figure 3). 

The presence of smokers in the home 
had a significant effect on duration of ex¬ 
posure across specific settings. Subjects 
without smokers at home reported that the 
majority of their exposure was in the work¬ 
place (mean = 36.1 minutes per day, 95% 
confidence interval [G] = 22.7-49.5), with 
very little either at home (mean = 1.4 min¬ 
utes per day, 95% G = 0.05-2.75) or in 
other locations (mean = 13.1 minutes per 
day, 95% G = 8.75-17.4). However, sub¬ 
jects who lived with smokers had virtually 
equivalent exposure across all three set¬ 
tings (work: mean = 29.4 minutes per day. 
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FIGURE 2—Amount of exposure to envi 


tobacco smoke by location 


95% Cl = 7.01-51.80; home: mean = 31.2 
minutes per day, 95% Cl = 21.6-40.8; 
other: mean =27.1 minutes per day, 95% 
Cl = 15.1-39.1). 

To further examine differences be¬ 
tween subjects with differing levels of ex¬ 
posure, we used a tertile split based on 
the average daily exposure to divide the 
sample into three levels of exposure: low 
(0-7 minutes per day), moderate (8-44 
minutes per day), and high (£45 minutes 
per day). These categories are somewhat 
arbitrary, because no standard has been 
set in the field about the severity of var¬ 
ious gradients of exposure. Subjects in 
the high-exposure category were more 
likely to have smokers both at home, 
F(2) *= 4.93, P £ .01, and at work. 


F(2) = 3.11, P s .05. They also had 
more friends outside the workplace who 
were smokers, F(2) = 5.31, P ^ .01. 

Intensity of exposure Ratings of dis¬ 
tance from the source of exposure were 
used as a measure of exposure intensity. We 
compared the percentages of exposure at 
each location (home, work, other) that oc¬ 
curred near and far from the subject (see 
Figure 4). Significantly more of the expo¬ 
sure occurring at home was dose to the sub¬ 
ject, and therefore more intense, compared 
with exposure at work and other locations. 

Relationship between the Exposure 
Diary and Exposure Questionnaire 

Subjects were asked on the exposure 
questionnaire to provide a global rating of 


their ETS exposure on a three-point scale 
(low, moderate, high). Fifty-three percent 
of the sample rated their exposure as low. 
Thirty-six percent rated their exposure as 
moderate, and 11% as high. Subjects who 
rated their overall exposure as low had an 
average of 18.59 minutes of exposure per 
day (SD = 27.08, range = 0.0-203.0), 
compared with an average of 110.28 min¬ 
utes per day (SD = 142.82, range = 0.0- 
603) for subjects who rated their exposure 
as moderate and an average of 132.24 min¬ 
utes per day (SD = 115.15, range = 8.67- 
408.0) for those who rated their exposure 
as high. 

Correlational analyses were used to 
compare the exposure diary data with 
global estimates from the exposure ques¬ 
tionnaire across locations (home, work, 
other). The correlation was strongest be¬ 
tween global and diary estimates of expo¬ 
sure at home, r( 185) - .62, P < .001 (95% 
Cl = .58-.87), but all correlations (work, 
r = .40; other, r = .29; overall, r - .44) 
were significant at P < .01. 

Relationships between 
Demographics and Exposure 

Exposure was significantly related to 
education, r(185) = -.22, P ^ .01 (95% 
Cl = -.37 to - .08): exposure was higher 
among less educated subjects. The rela¬ 
tionship between gender and exposure 
was marginally significant (P = .10), indi¬ 
cating a trend for men to have higher lev¬ 
els of exposure than women. No other 
relationships between demographics and 
exposure were significant. 

Discussion 

This study represents one of the first 
attempts to develop a prospective, diary 
measure of daily exposure to ETS, to ex¬ 
amine sources of exposure for a 1-week 
period, and to compare the diary with a 
global questionnaire measure of exposure. 
We found the exposure diaiy to be a rel¬ 
atively simple and effective method of as¬ 
sessing ETS. Furthermore, the data were 
quite stable, as evidenced by the high cor¬ 
relation between the 1-, 2-, 3-, and 7-day 
blocks of self-monitored exposure. Thus, 
a 1- or 3-day diary may be preferred to 
reduce response burden. 

The majority of ETS exposure oc¬ 
curred in the workplace. The percentage 
of subjects reporting exposure at work 
(75.6%) replicates that found by Cum¬ 
mings et al. 14 (75%) in a different sample. 
Furthermore, both the duration and the 
intensity of exposure were greater for sub¬ 
jects with a smoker in the household, 
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regardless of the degree of exposure in the 
workplace. Importantly, subjects with 
smokers in the home had virtually equiv¬ 
alent exposure across all settings, whereas 
subjects who did not live with smokers 
had the majority of their exposure at work 
and very little in other settings. This sug¬ 
gests that nonsmokers who live with 
smokers are exposed outside the home to 
a greater degree than nonsmokers who 
have no smokers in the household. The 
reasons for this are unclear, but it is pos¬ 
sible that these nonsmokers have less mo¬ 
tivation to avoid ETS exposure in general, 
because they cannot avoid it at home. As 
expected, subjects in the highest exposure 
category had regular ETS exposure both 
at work and at home. These data suggest 
that for intervention efforts to be effective 
for those subjects at highest risk, they 
need to be focused on all sources of 
exposure—particularly if there is a 
smoker in the household. 

The subjects’ own assessments of 
their exposure levels on the questionnaire 
were consistently lower than the levels de¬ 
termined by the diary, suggesting that 
studies utilizing global exposure ratings 
from surveys may underestimate actual 
exposure. This may be due in part to the 
insidious nature of exposure—a high level 
of vigilance is necessary if accurate esti¬ 
mates are to be obtained. In this case, self- 
monitoring techniques may increase the 
accuracy of exposure estimates. Survey- 
based estimates may also be lower be¬ 
cause of the unpredictability of ETS ex¬ 
posure. As noted earlier, the exposure 
diary and the exposure questionnaire re¬ 
late to different time periods, 1 week 
apart. This was necessary to minimize the 
confound that might have resulted from 
the increased awareness of exposure due 
to self-monitoring, which might have in¬ 
fluenced responses to the exposure ques¬ 
tionnaire. Since both time periods were 
regarded as typical, and since there was 
high stability between the 1-, 2-, 3-, and 
7-day average exposure durations, it is un¬ 
likely that the different sampling intervals 
alone accounted for the underestimates of 
the exposure questionnaire. 

The subjects in this study were vol¬ 
unteers who responded to advertisements 
for a study on passive smoking, and thus 
were a motivated sample of convenience. 
A selection bias or social desirability bias 
may have been operating, so that partici¬ 
pants may have been more vigilant about 
noting their exposures to ETS than per¬ 
sons in a random sample might have been. 
However, the recruitment protocol was 
designed to target individuals with a wide 
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range of ETS exposure in order to in- tries may have been made after the actual 

crease the representativeness of the sam- exposure, every effort was made to min- 

ple. The amount of exposure across indi- imize such occurrences (training empha- 

viduals in the sample varied considerably, sized immediate completion, and the diary 

suggesting that the population was not ho- was designed to minimize response bur- 

mogeneous. In addition, the demograph- den). In addition, the subjects were asked 

ics of this sample were virtually identical during debriefing about the case of diary 

to those found in population-based sam- completion, and few reported having dif- 

ples by, for example, Marshall et al. 21 Acuity completing the diary as instructed. 

Thus, it does not appear that a significant This study provides further under¬ 
selection bias was operating. standing of the patterns of ETS exposure 

One concern about the use of the di- in natural settings. It also sheds light on 

ary is the recall bias that may be intro- the relationship between retrospective 

duced if exposures are not recorded at the global estimates of exposure and prospec- 

time they occur. Although some diary en- tive recording of actual exposure as it oc- 
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cars in the field. This comparison is tem¬ 
pered by the methodological limitations 
that precluded assessment of both mea¬ 
sures in the same time period. These data 
may be useful in developing effective pub¬ 
lic health policies and in designing inter¬ 
vention programs targeted at both individ¬ 
uals and organizational settings to reduce 
nonsmokers’ exposure to ETS. □ 
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During the fall of 1990, a large-scale field monitoring program to characterize 
personal exposures to inhalable particles with aerodynamic diameter less than 10 pm 
or PM l0 was conducted in Riverside, California. Indoor and outdoor PM Iy , PM :i 
(fine particles with aerodynamic diameter less than 2.5 pm) mass, nicotine and 
elemental concentration data and air exchange measurements using perfluorocarbon 
(PFT) tracers were made in 175 homes. Recall time-activity diaries and question¬ 
naires regarding exposure to environmental tobacco smoke (ETS) and other sources 
of particles were also obtained from the 175 subjects who participated in the two 
consecutive 12-hr personal PM l0 monitoring effort. Elemental fingerprinting and 
application of multivariate analysis methods showed that contribution of each 
cigarette smoked to indoor PM l0 or PM,^ levels, is about 1.5 pg/m 3 . Furthermore, 
personal nicotine concentrations are strongly related to percent time spent indoors in 
the presence of a smoker. Modeling results also indicated that air exchange rate, 
amount of dusting, vacuuming and cooking affect indoor particle concentrations. 

INTRODUCTION 


The pilot PTEAM (Particle Total Exposure Assessment Methodology) study was 
conducted in late 1990 in order to estimate the frequency distribution of exposures to 
PM l0 particles for a probability-based sample of the non-smoking Riverside, CA 
residents above the age of 10. Another objective of this study was to determine the 
contribution of various sources of PM l0 , PM 2i and trace metals to measured indoor 
and personal particle and elemental mass concentrations. The questionnaires and 
daily diaries were also collected to investigate the behavioral and microenvironmental 
factors influencing exposures to particles and nicotine. Nicotine samples were 
collected both on personal and indoor particle filters. Air exchange measurements 
were also made to enable the application of physical models to indoor and outdoor 
measurements. The physical model was used to estimate penetration rates of 
particles indoors and infer particle source strengths from cooking, smoking and other 
dust generation activities. 
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METHODS 

Complete sampling methods and study design are discussed in (1). A personal expo¬ 
sure monitor (PEM) was designed to collect PM 10 using a sharp-cut impactor with a 
circular set of holes 1.9 mm in diameter. Particles are collected at a flow rate of 4 
Lpm on a 37-mm Teflon filter mounted below a greased impactor plate. A backup 
filter coated with citric acid collection nicotine vapor. The PEM consists of a soft 
canvas bag containing the pump and battery' pack that can be worn on the hip, 
stomach, lower back, or over the shoulder. The same monitor, modified to operate 
off line current, was used to collect indoor and outdoor samples. This monitor is 
called the Stationary Ambient Monitor (SAM) when used outdoors and the Stationary 
Indoor Monitor (SIM) when used indoors. A central site was selected to provide a 
record of temporal changes in outdoor particle levels for the duration of the study (43 
days). 

Data analysis performed included: summary statistics; analysis of variance (ANOVA); 
multiple and stepwise regression analysis, and; non-linear and iterative estimation 
methods using a physical mass balance model. All of the analyses were separated by 
day and night periods to better understand the diurnal factors affecting source and 
microenvironmental contributions. 

RESULTS 

Concentrations of PM 10 and PM 25 

Distributions of indoor, outdoor PM 10 and PM^ and personal PM 10 concentrations 
were analyzed. Average (median) personal PM I0 concentration was 144 (130) pg/m 3 
about 50% higher than both indoor, 98 (81) pg/m\ and outdoor, 97 (83) pg/nv, con¬ 
centrations during daytime. However, there were no significant differences among the 
nighttime indoor, outdoor and personal PM I0 concentrations. Average (median) in¬ 
door PM :js concentration was 37 (25) pg/m 3 and outdoor PM 2i5 concentration mea¬ 
sured near the homes and central site, 52 (38) and 48 (32) pg/m\ respectively, were 
similar in the nighttime. Nighttime outdoor PM 2 _ S levels were higher than the indoor 
concentrations but no significant difference was found using the daytime data. Dav- 

^ w * + 

time personal, outdoor and indoor PM l() concentrations were much higher than the 
nighttime measurements. The daytime indoor PM y concentration was also higher 
than the nighttime PM 2 < but there was no difference between the daytime and night¬ 
time outdoor PM 25 concentrations measured either near the study homes or at the 
central site. 

Contribution of smoking and outdoor sources 

Figure 1 displays the differences found in the PM l0 and PM,^ levels between the 
smoking and non-smoking homes. Average (median) daytime indoor PM , 0 concentra¬ 
tion (SIMjq) and persona! PM 10 concentration (PEM 10 ) were 12S (119) and 164 (158) 
pg/m 3 for smoking homes, and 92 (72) and 140 (127) pg/m 3 for the non-smoking 
homes. Estimated penetration of outdoor PM i0 and PM 25 indoors during daytime was 
0.5 and 0.8, respectively. Daytime SIM 25 was 68 (56) for homes with smokers and 45 
(30) pg/nv 3 for homes without smoker. Overnight SIM :v SIM 1U , and PEM , 0 levels in 
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homes with smokers were about twice as high in the homes without smokers. Indoor 
and personal nicotine concentrations in homes with smokers were much higher than 
those in homes without smokers, either during daytime or nighttime. 



Fig. 1. Average personal PM l0 and indoor and outdoor PM 2i and PM 10 concentra¬ 
tions for homes with and without smokers for all periods combined. 

Contribution of fine particles (PM 2J ) concentration from ETS or smoking exposures 
were estimated using a two-stage regression model: Step 1) Regress SAM on SIM to 
estimate the slope and take out the contribution of PM 2J from outdoor source to get 
"indoor ?M 2 _j source”; Step 2) Regress number of cigarettes smoked indoor on 
"indoor PM 2J source”. 

Using this approach, indoor concentration from smoking or ETS exposure was 
estimated as: 1 ) PMtj 1.54±0.59 pg/m 3 per cigarette; 2) PM I0 1.95^:0.97 pg^m 3 per 
cigarette. 

Other models tested included SMK YN (yes or no response to exposure to smoking), 
SMOKE (number of cigarettes smoked), and the SAM variables using the entire data 
set: 

SIM 2J = 5.92*+0.66’’SAM 2 _5+ 18.10**SMK_YN + 1.5r*SMOKE (R 2 =0.56) 
SIM l0 =28.7*+0.5r*SAM l0 +28.28**SMK_YN4T.55**SMOKE (R 2 =0.32) 

From these models, contribution of SIM^ and SIM l0 concentrations from smoking 
were estimated to be at least 1.51 and 1.55 pg/m 3 per cigarette, respectively after 
adjusting for differences in the particule levels between smoking and non-smoking 
homes. 

The stepwise regression models were also run on the personal and indoor nicotine 
concentration measurements. Independent variables included: daynight (dummy 
variable), indoor nicotine concentrations, air exchange rate, cooking, house cleaning 
activities, exposure to ETS, or number of cigarettes smoked in home, vacuuming, and 
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meteorological variables. For personal nicotine concentrations, indoor nicotine 
concentration was found to be the most important factor. When nicotine concentra¬ 
tion was excluded from the model, daynight and smoking were the only two variables 
chosen. Coefficient of smoking was positive, indicating, exposure to ETS increases 
personal nicotine exposures. Besides the two variables mentioned above, dew point 
variable was also associated with personal nicotine levels. 

Only indoor and personal nicotine concentrations were measured in the PTEAMS 
study. There was no measurement of nicotine in other microenvironments where 
subjects also spend some time. Diary was issued in the study to get the percent time 
the subjects spent together near a smoker. NIC_I (indoor nicotine concentration), 
SMKDUR1 (percent of time spent with smokers indoor at home), SMKDUR2 
(percent of time with smoker indoor away from home), SMKDUR3 (outdoor near 
home) SMKDUR4 (outdoor away from home), SMKDUR5 (percent of time together 
with smoker during transportation) were used in simple linear regression models as 
independent variables. 

For both nighttime and daytime models, only NIC_I and SMKDUR2 were found to 
be statistically significant in the models. The predicted models were: 

NIC_P=0.144+0.559"NICJ+0.37S"SMKDUR2 (R 2 =0.60) (nighttime) 

NIC_P = 0.081 +0.785"N1C_I + 0.193"SMKDUR2 (R 2 = 0.37) (daytime) 

When only indoor nicotine concentrations were included in the model, then R 2 
dropped to 0.45 for the nighttime period regressions and 0.06 for the daytime models. 
If only percent smoking time in the different environments are put in the model, we 
obtain: 

N IC_P = 0.295"+0.120"SMKDUR1 +0.410"SMKDUR2 (R 2 = 0.31) (nighttime) 

N IC_P=0.233+0.17S"SMK.DUR2 + 0.327"SMKDUR5 (R 2 = 0.37) (daytime) 

We also tried models with variables defined by the percent time spent in the different 
environments but found none of these variables to be selected by the stepwise models. 
Hence, percent of time spent by a person exposed to cigarette smoke is the variable 
significantly associated with the measured personal nicotine concentrations and not 
the reported times spent in a given microenvironment. 

Physical modeling 

From ANOVA analysis, smoking and cooking seemed to be the important indoor 
sources of particle. A physical model developed in Koutrakis (2) was applied to the 
data: 
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S s , nokc and S Ci „, k are the source strengths for smoking and cooking activities, 
respectively. Definition of other parameters are discussed in Koutrakis (2 



Results shown in Table 1 indicate that outdoor concentrations, smoking, and cooking 
were three important contributors to indoor Pconcentrations (110£26, pg/hr for 
cooking activity and 1 pg for one cigarette smoked). One cigarette smoked also 
save out about 127 pg of K, 1.4 pg of Br and 69 pg of S. Cooking activity also 
emitted Cl, Fe and Ca. There were other unidentified sources of indoor PM>s 
concentrations, which require further analysis. Next, the total sample was divided into 
four categories: those homes with no smoking or cooking reported during the 
monitoring period, those homes with smoking only or cooking only, and those homes 
with both activities. Samples without both activities were used to estimate penetration 
efficiency. Then source strengths for cooking and smoking were estimated from 
samples with only cooking, or only smoking, using the simple physical model shown 
below and assuming that the penetration efficiency is the same as that inferred trom 

'’nosource" homes. 


Table 1. Estimated particle mass and trace element emission rates for cigarette 
smoke, cooking, and other indoor sources. 


Q_other (ng/hr) S_cook (ng/hr) S_smoke (ng/eig) 


var 

mean 

Sh 

mean 

Sb 

mean 

- 

PM2.5 

2309 

813 

110626 

20S42 

11361 

2019 

Al 

59044 

11189 

0 


222° 1 

6843 

Mn 

1675 

228 

0 


~ 0 


Br 

1309 

202 

0 


1383 

436 

Pb 

2760 

347 

0 


0 


Ti 

7309 

1415 

0 


0 


Cu 

3646 

456 

36185 

9356 

0 


Sr 

1308 

172 

0 


0 


P 

6020 

1184 

2926 

1065 

459 

93 

Si 

89760 

17160 

0 


50978 

21077 

Ca 

52354 

7467 

869353 

333873 

249098 

35772 

Fe 

39361 

7412 

625549 

264691 

36819 

11994 

K 

26400 

6819 

0 


126888 

18730 

S 

0 

0 

0 


68519 

19408 

Zn 

3312 

982 

0 


0 


Cl 

24062 

3683 

318163 

106475 

63151 

16493 

* Units for PM2.5 

mass are 

in fi g instead of ng 

• 





For samples without "known" indoor sources (N = 244), the average percent contribu¬ 
tions to PM,j were about 71% by outdoor PM ;-J and 29% by other unidentified 
indoor sources. Elements Al, Ti, P, S and Zn were mainly associated with outdoor 
sources and elements Cu, Ca and Cl mainly contributed by other unidentified indoor 
sources. Percent contributions from outdoor and indoor sources were almost the 
same for the elements Mn, Br, Pb, Sr, Si, Fe and K. 


Using only the data from homes smoking (N = 40), the average percent contributions 
to fine particles mass were about: 10% from smoking, 68% from outdoor sources, and 
22% from other unidentified source. About 16-21% of the elements; Ca, K and Cl 
measured on fine particles, was attributed to smoking. Smaller amounts of elements 
Br, Si, Fe and S were also associated with smoking. Outdoor air contributed the 
majority of the fine particles and most of the elemental concentrations observed 

indoors. 
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Fifty-three samples from homes reporting only cooking showed that the average 
percent contributions were about 50 7c from cooking, 39 7c from outdoor sources and 
11% from other sources. The contributions from outdoor concentrations, smoking, 
cooking and other unidentified sources were; 42, 5, 44 and 10 respectively, for 
samples collected from homes with both cooking and smoking activities reported. 

DISCUSSION 

Analysis of the PTEAMS particle mass and elemental data showed that personal PM 10 
concentrations are much higher than the corresponding outdoor and indoor PM 10 
concentrations. Modeling personal exposures with a microenvironmental model 
partially accounted for the "excess" personal mass. Mass and elemental emission 
profile due to cooking activities w-as estimated for the first time. Participant activities 
such as smoking, cooking, house cleaning, etc. w'ere found to contribute to personal 
exposures. However, exposures in yet unmeasured, other than non-home or non¬ 
indoor environments, and dust generated by resuspension, may well be among the 
remaining possible sources of personal PM in exposures. Future research efforts 
should be directed to exploring these issues more carefully. 

PM 10 and PM 2 ^ concentrations measured in smoking homes were considerably greater 
than those measured in non-smoking homes. Our results showed that indoor nicotine 
concentrations in homes were an important source for personal nicotine concentra¬ 
tions. However, exposure to cigarette smoke in other indoor environments was also 
an important contributor to personal nicotine exposures. Exposures to cigarette 
smoke in indoor environments other than the home was an important predictor of 
nighttime personal nicotine concentrations. Percent time spent with a smoker in 
daytime during transportation was also an important predictor of daytime personal 
nicotine concentrations. These results suggest that avoiding exposure to ETS and 
reducing exposures to ambient, as w'ell as indoor and personal sources of particles 
(e.g. as dusting, vacuuming and cooking) should be beneficial to reducing total 
personal exposures to particles. 
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(PTEAM) STUDY: DISTRIBUTIONS OF AEROSOL AND 
ELEMENTAL CONCENTRATIONS IN PERSONAL, 
INDOOR, AND OUTDOOR AIR SAMPLES IN A 
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HALUK OZKAYNAK AND JOHN D. SPENGLER 
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Cambridge, Massachusetts 


Particle concentrations were measured for a probability-based sample of 178 

nonsmoking individuals aged 10 or older residing in Riverside, California , m 
the fall of 1990. Two 12-hr personal-exposure PM jq samples were obtained for 
each participant, along with fixed-location PM jq and PM 2.5 indoor and outdoor 
air samples at their residences. The particle samples were also analyzed via X- 
ray fluorescence (XRF) to determine elemental concentrations for selected 
elements, including some toxic metals, crustal elements, and combustion- and 
industrial-source related elements . About 25% of the target population was 
estimated to have 24-hr personal exposures to PM jq that exceeded the national 

ambient air concentration standard of 150 pg/m3. The daytime personal 
exposure levels (median of 130 pg/rn^) tended to exceed both indoor and 
outdoor levels by about 50%; nighttime personal exposure levels were lower 
and were only slightly higher than nighttime indoor levels. Several possible 
reasons for the elevated daytime personal PM jq levels (relative to indoor levels) 

are considered. Certain activities such as house cleaning and smoking were 
found to be associated with elevated personal exposure levels. 


s 
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Research Triangle Park. NC 27709. 

2. Abbreviations: CAAS. California Air Standard. FSU, first-stage sampling unit. N'AAQS. 
National Ambient Air Quality Standard; PEM, personal exposure monitor(ing); PMjoilO micrometer 
size particle matter; PM 2 . 5 . 2.5 micrometer size particle matter; PTEAM. Panicle Total Exposure 
Assessment Methodology; SAM. stationary ambient monitor. SEM, scanning electron microscopy; SIM. 
stationary indoor monitor; XRF, X-ray fluoroscopy (or fluorescence). 
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INTRODUCTION 

Although particles in outdoor air have been regulated since 1970, little is known about 
personal exposures of the general public, of the relation of such exposures to ambient levels, 
and of the elemental composition of particles near the breathing zone. The purpose of this 
paper is to provide some insight into these matters, based upon monitoring data from a 
probability-based sample of individuals and homes in a southern California community. This 
paper is a companion to the paper by Thomas ct al. (herein). The reader should refer to that 
paper for details on sampling and analysis methodology and on quality control (QC) results. 

As indicated in Clayton et al. (1991), several case studies have reported on personal and 
indoor/outdoor relationships of particle matter—in particular, for 10 pm size particles (PM io). 

for which United States has promulgated a National Ambient Air Quality Standard (NAAQS). 
PM io has been identified as that portion of aerosol that will deposit in the tracheobronchial 

and alveolar regions of the lung (Phalen et al., 1986). Despite one large-scale study that 
investigated indoor air concentrations for residents of six cities, and which included a 
pioneering investigation of personal exposures of some participants (Dockery' and Spengler, 
1981a, 1981b), no large-scale probability-based study of personal exposures had been 
undertaken as of the mid-1980s. Therefore the EPA undertook the Particle Total Exposure 
Assessment Methodology (PTEAM) study, which was aimed at estimating the frequency 
distribution of PMio exposures for a defined target population of individuals. With such an 
estimated distribution of PM io exposures, it is possible to estimate the proportion of the target 
population that is exposed to concentrations that exceed, for example, the 24-hr NAAQS (150 
pg/ m 3 ) or the 24-hr California Air Standard (CAAS) (50 pglrn^). 

A nine-home, pilot field study was conducted in 1989 in the Los Angeles basin to test the 
personal monitor and other related equipment and methods (Ozkaynak et al., 1990; Pellizzari 
et al., 1990; Clayton et al., 1991). This study produced personal, indoor, and outdoor samples 
for fourteen 12-hr periods at five homes and for eight 12-hr periods at four other homes. 
Based on this study, appropriate modifications were made to the equipment and to the study 
protocol, and the full-scale field study was undertaken in the fall of 1990 in Riverside, CA. 

The specific primary goal of the full-scale study was to estimate the autumn 1990 fre¬ 
quency distribution of exposure to inhalable particles (PMjo) for a target population of indi¬ 
viduals residing in Riverside. Two secondary objectives were (1) to estimate the frequency 
distributions of indoor air particle concentrations in the main living areas of residences and of 
outdoor air concentrations in the vicinity of the residences for both the fine (<2.5 pm) and 
coarse (2.5 to 10 pm) fractions of PMjoi and (2) to estimate the distribution of elemental 

concentrations in the personal, indoor, and outdoor samples. At the outset of the study, the 
following elements were deemed to be of primary interest: Si, Al, Ca, Fe, Mn. Ni, Pb, As, K, 
Sc, V, Br, and Cd. 

METHODS 

Study Design 

The target population for the study was chosen to be the nonsmoking residents of 
Riverside. California, in the fall of 1990, who were at least 10 years of age. Analysis of 
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historical data from fixed-site monitors in southern California suggested that Riverside would 
exhibit highly variable PMjo outdoor concentrations. The fall season was chosen for 

monitoring because of historically high variability in meteorological conditions during that 
season, including periods of high winds (Santa Ana winds). Having a wide range of outdoor 
levels in the sample facilitates estimation of associations between outdoor levels and indoor or 
personal levels. Children under 10 years of age were excluded from the survey population 
because of potential difficulties with wearing the monitoring device and with reporting ume- 
activity data. Smokers were excluded because the personal exposure monitors (PEMs) could 
not account for particles that smokers inhaled directly with their tobacco smoke. 

A three-stage probability sample of 178 nonsmokers aged 10 or older was selected and 
assigned to days for monitoring. The first-stage sampling units (FSUs) were “blocks," as 
defined for the 1980 Census, or combinations thereof. Each FSU was designed to contain at 
least 30 occupied housing units based on the 1980 Census data augmented by field counts for 
about 100 blocks in identified growth areas. Thirty-six FSUs were selected with probabilities 
proportional to the updated housing unit counts. The first-stage sample was stratified by geo¬ 
graphic location within Riverside (northeast, southeast, southwest, and northwest quadrants) 
and by dwelling characteristics from the 1980 Census: average dwelling value (high and low) 
and percent detached, single-family dwellings (high and low). This stratification ensured the 
representativeness of the sample and had the potential also for increasing the precision of sur¬ 
vey estimates relative to those from a simple random sample (i.e., if stratification variables are 
related to the survey’s outcome measures). 

Field staff listed all current dwellings in the 36 sample FSUs. A sample of 680 listed 
housing units was selected for household screening interviews in such a manner that all 
households in the survey population had approximately the same probability of selection. An 
introductory letter and a brochure describing the srudy were sent to the sample dwellings for 
which mailable addresses had been obtained. The letter indicated that an interviewer would 
arrive in a few days to request participation in the study. 

Of the 680 sample housing units, 632 were found to be occupied permanent residences, 
and 443 of these completed the household screening interview (a response rate of 70.1%). The 
screening interview determined the age, smoking status, and employment status of each 
household member. It should be noted that households in which all members 10 years of age 
or older were smokers were ineligible. Two hundred fifty-seven persons were selected from 
the household rosters for monitoring. People who worked at least 30 hours per week outside 
the home or were passive smokers in their home were slightly oversampled relative to their 
representation in the survey population because of their potential for higher exposures. This 
was accomplished by randomly rejecting a portion of the potential participants w-ho were not 
workers or routinely exposed to passive smoking. The number of people who completed the 
study questionnaire and the paniculate monitoring was 178. Thus, the monitoring-phase 
response rate was 69.3% (178/257), which gave an overall study response rate of 48.5% 
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(70.1% x 69.3%). The survey data were initially weighted inversely to the known probabili¬ 
ties of selection of the households and of the participants. Then weight adjustments were 
made, by w-eighting classes, to account for the survey nonresponse (Oh and Scheuren, 1983), 
The weights developed for the household sample and for the participant sample were used, 
respectively, for summarizing household-related responses and for person-related outcome 
measures. 



Each participant was asked to wear a PEM for two consecutive time periods, each of 
approximately 12-hr duration (nominally 7 PM to 7 AM, and 7 AM to 7 PM). Concurrent 
PM jo and PM 2.5 samples were collected indoors by a stationary' indoor monitor (SIM) in the 

main living area (as defined by the household members), and outdoors by an identical 
stationary ambient monitor (SAM) at each home. This resulted in 10 samples (exposed filters) 
per household: day and night samples for PEM-10 ja for SIM-10 and 2.5/i, and for SAM-10 
and 2 .Sju. Measurements using several aerosol sampling methods were also obtained at a fixed 
site over 96 consecutive 12-hr periods throughout the study (September 22 to November 9, 
1990). 

As a part of the post-monitoring interview, participants were asked to record activities 
that might involve potential exposures to elevated particulate levels (nearby smoking, 
cooking, gardening, etc.), and to describe their activities and locations during the period. 

Sample Collection and Analysis 

Gravimetric analysis was used for all PEM (personal), SIM (indoor), and SAM (outdoor) 
filters to obtain the aerosol concentrations, as w-ell as for aerosol samples taken at the fixed 
site. The fixed site included four different monitor types: a PEM, a SAM, two hi-volume 
PMjo samplers (Wedding), and two dichotomous samplers (Anderson). The filters were also 

subjected to elemental analysis by X-Ray Fluorescence (XRF) to determine the concentra¬ 
tions of selected elements in the particles. The companion paper (Thomas et al., 1993) 
provides details on the sample collection, weighing, and analysis activities, and summarizes 
the QC information. Additional QC results are given in Wallace et al. (1991). 

Statistical Estimation 

Several statistics were used to characterize the various concentration and exposure 
distributions of interest: 

• an estimate of the population (arithmetic) mean, 

• an estimate of the population geometric mean, and 

• estimates of selected percentiles (10 th , 25 th , 50 th [median], 75 th , and 90 th ) of the 
population distribution. 

Some subpopulation estimates were also generated. Because of the complex sampling design 
used in the study, not all households and participants had equal probabilities of being selected 
into the sample. Hence the above-described estimates employ sampling weights that reflect 
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these differential probabilities, and which also reflect adjustments for nonresponse, based 
upon a weighting-class adjustment procedure. A population mean of a measurable quanntN Y, 
for example, would be estimated by a statistic of the form 

Zw-y, /Zwj, 

where i denotes the i th sample member, the summations are taken over i, w, represents the 
(adjusted) sampling weight for the ith member, and yj denotes the observed value for the i th 
member. For a subpopulation mean, the estimate takes the form 

Swiyjdi / Iw'jdj. 

where dj = 1 if the i lh sample member is in the particular subpopulation of interest and d, = 0 
otherwise. Such estimates were generated by using SUDAAN (SUrvey DAta ANalvsis), a 
general purpose data analysis software package designed specifically for analysis of complex 
sample survey data (RT1, 1990). In addition to producing the estimates, the software uses a 
first-order Taylor series approximation to generate approximate standard errors of the esti¬ 
mates that appropriately account for the structure of the sample design. For personal expo¬ 
sures, the estimates apply to the target population of eligible residents (approximately 139,000 
individuals); for the indoor and outdoor measurements, they apply to the population of house¬ 
holds with one or more eligible members (approximately 62,000 households). Because data 
were collected over a 48-day period, the basic unit of statistical analysis is either a person-day 
(for personal exposures) or a household-day (for indoor and outdoor concentrations). 

All aerosol concentrations were deemed measurable and hence all pertinent reported 
concentrations were used in calculating the summary statistics. For some elements and sample 
types, however, a large proportion of the observed elemental concentration levels were below 
three times the measurement uncertainty level. Statistics were not generated for those cases. 
For cases for which statistics were generated, all values were used in the calculations. 

RESULTS AND DISCUSSION 

Aerosol Distributions 

Table 1 shows, by time of day, statistics that characterize the population distributions of 
the outdoor and indoor (main-living area) PM 2.5 concentrations, as derived from the residen¬ 
tial samples. As indicated above, sampling weights were used in the calculations so that the 
estimates would apply to the population of eligible household-days. The statistics include 
estimates of the mean, geometric mean, standard deviation, geometric standard deviation, and 
five percentiles. Also shown, for comparative purposes, are the corresponding (unweighted) 
estimates from the concurrent fixed-site data, and correlations of the residential concentrations 
with the fixed-site concentrations (observations matched by time period). The daytime and 
nighttime outdoor residential levels were similar, with median levels of 35.5 and 35.0 >*g/m 3 , 
respectively. The fixed-site data exhibited a similar distribution, with slightly lower medians 
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TABLE 1. SUMMARY OF PM l( CONCENTRATIONS (pg/m 1 ) 



Statistic* 

Fixed 

Site 

SAM 

Residential 

Outdoor 

SAM 

Residential 
Main-living 
Area SIM 

Fixed 

Site 

SAM 

Residential 

Outdoor 

SAM 

Residential 
Main-living 
Area SIM 

Sample Size 

45 

167 

173 

44 

161 

166 

Minimum 

1.4 

74 

28 

65 

34 

29 

Maximum 

151 4 

187.8 

238 3 

177.4 

164 2 

1333 

Est. Pop. Mean 

46.7 

48.9 

482 

47.7 

60 5 

362 

(Std Error) 

(6.3) 

(3.5) 

(4.1) 

(6.6) 

(3.7) 

(22) 

Eat. Pop. 

Geom. Mean 

34.1 

37.7 

35.0 

329 

372 

267 

(Std. Error) 

(4.5) 

(2.6) 

(3.3) 

(4.4) 

(3.1) 

(19) 

Eat. Pop. Std. 

Deviation 

35.4 

37.6 

41.2 

43.6 

403 

295 

Eat. Pop Geom. 

Std. Deviation 

2.40 

2.07 

2.25 

2.41 

223 

221 

Eat. Pop. 

Percentiles: 

10th 

14.1 

14.9 

11.6 

96 

146 

10 0 

25th 

20.9 

23.4 

193 

20.7 

230 

14.8 

50th (median) 

33.1 

36.5 

335 

332 

35.0 

259 

75th 

72 1 

60.1 

61 6 

68.4 

64.9 

489 

90th 

106.0 

102.2 

101.0 

1139 

120.7 

82.7 


Correction with 



"Statistics for the residential samples, other than the sample size, minimum, maximum, and correlation, are calculated tuing weighted data; 
they provide estimate* for the target population of household-daya. 
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TABLE 2. SUMMARY OF PM W CONCENTRATIONS (pg/m') 


Daytime. 


Nighttime... 


Statistic* 

Fixed 

Site 

SAM 

9 

Residential 

Outdoor 

SAM 

Residential 
Main* 
Living 
Area SIM 

Personal 

Exposure 

PEM 

Fixed 

Site 

SAM 

Residential 

Outdoor 

SAM 

Residential 
Main- 
Living 
Area SIM 

Personal 

Exposure 

PEM 

Sample Size 

46 

166 

169 

171 

46 

162 

163 

168 

Minimum 

182 

16.2 

166 

36.1 

167 

136 

14 1 

19 1 

Maximum 

221.2 

606.6 

512.8 

454 8 

211.0 

2229 

1803 

278.3 

Est. Pop. Mean 

910 

94 9 . 

94.7 

149.8 

76.7 

86.3 

62.7 

76 8 

(Sid. Error) 

(7.1) 

(6.6) 

(6.7) 

l9.2) 

(7.1) 

(4.4) 

(3.2) 

(36) 

Est. Pop. 

Geora. Mean 

79.1 

82.7 

78.2 

128.7 

66.1 

746 

63.1 

67 9 

(Std. Error) 

(6.6) 

(4 1) 

(6.0) 

(85) 

(6.6) 

(40) 

(3.1) 

(3 1) 

Est. Pop. Std. 

Deviation 

48.0 

67.2 

61.4 

84.3 

47.9 

47.7 

37.4 

397 

Est. Pop. Geom. 

Std. Deviation 

1.73 

1.68 

1.88 

1.76 

1.76 

1.74 

178 

1 64 

Est. Pop. 

Percentiles: 

10th 

37.4 

428 

30.9 

69.9 

298 

393 

25 2 

36 6 

26th 

678 

669 

49.5 

86.1 

489 

63.6 

33 6 

48 I 

60th (median) 

76.8 

84.1 

81.7 

129.7 

606 

74 1 

616 

662 

75th 

1248 

110.8 

127.2 

189.1 

91.6 

103 7 

848 

98 8 

90th 

167.9 

167.2 

180.7 

263.1 

1669 

1678 

1169 

136 0 



"Statistics Tor the residential and personal samples, other than the sample size, minimum, maximum, and correlation, are calculated using weighted 
data; they provide estimates for the target populations of household-days and person-days, respectively. 
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(33.1 and 33.2 pig'm^, respectively). The correlation between the fixed-site and residential 
outdoor data was higher for the nighttime than the daytime. The daytime, indoor PM 2.5 

concentration distribution was quite similar to the outdoor; the nighttime indoor levels, 

however, tended to be lower than the outdoor. The median nightume indoor concentration, for 

example, was 25.9 pig m 3 , as compared to 35.0 for the outdoor. As might be expected, 

correlations of the indoor data with the fixed-site data were lower than those exhibited bv the 

# 

residential outdoor data. 


Table 2 provides similar results for the PM 10 concentration data, It includes also a sum¬ 
mary' of the personal exposure concentration data. The estimates associated with the PEN! 
were calculated with person-level sampling weights so that results are representative of the 
target population of person-days, whereas the SIM and SAM residential results apply to the 
population of household-days. The indoor PMjo levels, like the PM 2.5 results, showed close 

agreement with the outdoor levels during the day but tended to be lower than the outdoor at 
night. For instance, the median indoor nighttime concentration was 51.6 pig! m 3 , compared to 
an outdoor median of 74.1 pig 1 m 3 . Personal exposures at night (median of 66.2 pig 1 m 3 ) tended 
to fall between the indoor and outdoor levels. The daytime personal exposure levels (median 

concentration of 130) tended to be about twice as high as the nighttime. They also substan¬ 
tially exceeded both the outdoor and indoor daytime levels. The 24-hr PM 10 concentrations, 

which were obtained as time-weighted averages of the daytime and nighttime concentrations, 
are summarized in Figure 1 . The figure also shows the estimated concentration distributions 
for the collocated dichot. Wedding, SAM, and PEM methods that operated at a fixed site 
within Riverside throughout the study. Superimposed on the figure are the 24-hr NAAQS and 
CAAS (150 and 50 pigim }. respectively). Personal PM 10 exposures exceeded the NAAQS 

level for about 25% of the person-days in the population, and exceeded the CAAS level for 
about 90% of the person-days. 


Correlations of personal and residential PM 10 concentrations with the fixed-site SAM 

data were higher in the nighttime than in the daytime. Correlations were highest for the out¬ 
door residential observations, lower for the indoor, and lowest for the personal. During the 
day, when the personal exposures tended to be high, the correlation of the personal exposures 
and the fixed-site outdoor concentrations was only 0.37, It should be noted that the fixed-site 
SAM concentrations were highly correlated with the other fixed-site concentrations (0.99, 
0.98, and 0.96 with the PEM, the dichot, and the Wedding data, respectively); on average, the 
SAM fixed-site PM 10 levels were about 5% higher than the PEM, about 15% higher than the 

dichot, and about 25% higher than the Wedding levels. Further discussion of the fixed-site 
data is given in the companion paper (Thomas et al., 1993). 


Relationships between the residential outdoor, indoor, and personal concentration data are 
examined more explicitly in Table 3, which summarizes the distribution of ratios of the con¬ 
centrations (geometric mean and percentiles), and which shows correlations among the SAM, 
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TABLE 3. SUMMARY OF SAM, SIM, AND PEM AEROSOL CONCENTRATION ASSOCIATIONS 



DAYTIME 


NIGHTTIME 


PM 


i« 


PM 


ii 


PM 


ti 


PM 


ti 


Statistic" 


SIM/SAM SIM/SAM PEM/SFM PEM/SAM SIM/SAM SIM/SAM PEM/SIM PEM/SAM 


No. Paired 


Observation* 


162 


169 


163 


Estimated Pop. 
Geometric Mean 


of Ratios 

0 919 

0.926 

1.569 

(Sid Error) 

(0070) 

(0.056) 

(0.062) 

Estimated Pop. 

Percentiles 

of Ratios: 

10th 

0.406 

0394 

0.863 

25th 

0.693 

0.634 

1.145 

50th (median) 

0.042 

0.961 

1.621 

76th 

1.323 

1.272 

1.942 

90th 

2060 

1.729 

2031 

Correlation of 

faired Cans, . 

065 

046 



168 

163 

151 

168 

166 

1.621 

(0.089) 

0.733 

(0039) 

0.704 

(0036) 

1240 

(0044) 

0 891 

(0 036) 


0.623 

0.379 

0385 

0798 

0433 

0 992 

0.605 

0601 

0.967 

0619 

1.484 

0.718 

0690 

1 184 

0 878 

2.262 

0.951 

0916 

1.470 

1.167 

3 292 

1.428 

1.306 

2.097 

1.675 

0.36 

074 

065 

080 

0 62 


“The geometric mean and percentiles are weighted estimates that apply to the target populations of household days (for SIM/SAM) or of person 
day* (for PEM/SIM and PEM/SAM) 


ISf9S8AS05 


Source: https://www.industrydocuments.ucsf.edu/docs-hkbjOOOO 


Journal of Exposure Analysis and Environmental Epidemiology . Vol. 3. No. 2. 1993 235 


236 Clavton el ai. 


SIM, and PEM data. The pattern of correlations is as anticipated, with the PEM and SIM 
exhibiting the highest and with the nighttime correlations uniformly higher than their dayume 
counterparts. The magnitudes of the correlations imply that outdoor levels will often not 
provide a good indication of the indoor or personal levels; except possibly at night, the SIM 
may also not be a consistently good indicator of persona] levels. The dramauc difference in 
daytime PEM versus SIM or SAM levels is evident from the reported percentiles Over lO'T 
of the target population was estimated to have daytime PMjo personal exposures that were 
more than three times the outdoor level at their home and more than 2.8 times the PMjq 

concentration level measured in the main living areas of their home. 



DICHOT WTDDC4G 1AM PEM OUTDOOR DfDOO* PERSONAL 

(•AM) (HIM) CPTM) 


FIGURE 1. Estimated 24-hr PM 10 distributions. 

Table 4 shows correlations between concentrations of collocated residential PM 2 .5 and 
PM10 samples, which tended to be quite high, and weighted summary statistics (mean. 
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geometric mean, and percentiles) characterizing the distribution of the PM 2 5 -to-PM 10 ratios 
In general, a slightly higher fine fraction was observed for the nighttime samples than for the 
daytime, and also perhaps for the indoor as compared to the outdoor. 


TABLE 4. SUMMARY OF PM lt AND FM, e CONCENTRATION ASSOCIATIONS 


_DAYTIME_ . _NIGHTTIME ... 

Statistic Outdoor Indoor Outdoor Indoor 


No. Paired 

Observation* 160 167 154 160 


Estimated Pop. 
Mean of PM tr / PM }4 
Cone. Ratio* 

(Std. Error) 


0.470 0.492 0.522 0.550 

(0.016) (0.021) (0.017) (0.014) 


Estimated Pop. 
Geometric Mean of 

Cone. 


Ratio* 

0.444 

0.455 

0,497 

0.517 

(Std. Error) 

10.017) 

(0.022) 

(0.019) 

(0.016) 

Estimated Pop. 
Percentile* of 

PM^j/FM* Cone. 

Ratio* 





10th 

0.274 

0.250 

0.308 

0.301 

25 th 

0.371 

0.347 

0.406 

0.440 

50th (median) 

0.469 

0.498 

0.515 

0.556 

76 th 

0.571 

0.607 

0.646 

0.694 

90th 

0.671 

0.735 

0.731 

0.771 

Correlation of 

PMu and PM 10 
Concentration* 

0.89 

0.88 

0.97 

0.93 

“The mean, geometric mean, and percentile* 

are weighted estimate# that apply to the target 


population of household-days. 


As previously indicated, the participants used a time/activity diary to record their where¬ 
abouts during the monitoring periods; these data were summarized for each participant by 
calculating the percentage of the monitoring period that he/she spent in each of five microen¬ 
vironments (indoors—at home and away from home; outdoors—near home and away from 
home; and in transit). The distributions of these percentages are summarized in Table 5. The 
results, which are weighted to reflect the target population of person-days, help demonstrate 
why the nighttime PEM and SIM levels tend to be similar and why their correlations tend to 
be stronger than the daytime correlations. During the night, most members of the population 
were estimated to spend over 90% of their time indoors at home. During the day, however. 
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there was more variability in environments, with an average of 51% of the time spent indoors 
at home, 26“vc spent indoors away from home, 12^ spent outdoors, and spent in transit. 
The percentage of lime in the presence of smokers was generally very small for the target 
population. On average, less than 2% of the time was spent indoors or in transit in the pres¬ 
ence of smokers. This was true for both daytime and nighttime monitoring periods. 


TABLE 5. SUMMARY OF THE PERCENT OF TIME SPENT IN VARIOUS 
MICROENVIRONMENTS, BASED ON RESPONSES TO THE TIME/ACTIVITY DIARY' 


Environment 

Time 

of 

Day 

Eat. 

Pop. 

Mean 

S.E. b 

Min. 

Estimated Population 
_Perron tii«w 

25th 50th 75th 

Max. 

Indoors at Home 

Day 

51.4 

2.0 

0.0 

23.0 

53.1 

80.4 

100.0 


Night 

92.6 

1.3 

7.2 

92.0 

96.0 

98.0 

100.0 

Indoors away 

Day 

25.7 

1.6 

0.0 

3.5 

14.6 

49.8 

90.3 

from Home 

Night 

2.6 

1.0 

0.0 

1.2 

2.5 

3.7 

88.6 

Outdoors near 

Day 

4,6 

0.6 

0.0 

0.8 

1.6 

5.0 

37.1 

from Home 

Night 

0.9 

0.2 

0.0 

0.4 

0.8 

1.2 

272 

In Transit 

Day 

9.4 

0.7 

0.0 

2.6 

6.2 

12.3 

55.8 


Night 

0.9 

0.2 

0.0 

0.2 

0.4 

0.6 

13.9 


“Statistics other than the minimum and maximum are calculated using weighted data; the eatimaWa 
therefore apply to the target population of person-day*. 

*S- E. * standard e r r or of the estimated population mean. 

It is evident from Table 2 that there is a wide range in the PMjq exposures and indoor 

concentrations. For example, the 90 lh percentile concentration is roughly twice the median 
and about four to six times as large as the 10*^ percentile. The questionnaire data were exam¬ 
ined for some possible explanations for these house-to-house and person-to-person variations. 
The results described below represent only a preliminary examination of only a small portion 
of these data in which selected questionnaire items are considered one at a time; further analy¬ 
sis and modeling are planned that will consider multiple effects simultaneously. Here we con¬ 
sider that portion of the 12-Hour Time/Activity Survey that w'as aimed at eliciting information 
on activities that may increase exposure to panicles. This included data on spraying activities, 
on indoor activities such as vacuuming and dusting, and on outdoor activities such as garden¬ 
ing. For each such activity, the participant was asked to indicate if it took place, and, if so, to 
identify the duration of the activity (minutes) and its location (i.c., whether the participant was 
involved in or nearby the activity while at home or aw*ay from home, or whether the acuvity 
took place at the home while the participant was away). Thus a person was considered 
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exposed to the activity if he she was engaged in or near the activity regardless of location 
while a household was considered involved only if the activity took place at the home. Certain 
activities were combined to form analysis variables (variable names denoted by uppercase): 

HOUSE WORK consisted of vacuuming, dusting, carpet cleaning, indoor cooking, and 
using a clothes dryer. 

SPRAYING included either pump or propellant type spraying of paints, cleaners, disin¬ 
fectants, air fresheners, hair care products, pcrfumes/colognes, deodorants, cooking prod¬ 
ucts, lubricants, insecticides, repellents, and plant care products. 

Note that the construction of these groups is somewhat arbitrary. For example, use of a clothes 
dryer may be believed to produce lower exposures than vacuuming; if so, including it as a part 
of the “exposed group" may lower the overall mean level of that group; excluding it, however, 
would tend to increase the level of the “non-exposed group.*’ An “outdoor activity” variable, 
including activities such as lawn mowing, gardening, burning leaves or rubbish, outdoor 
cooking, and outdoor recreation, was also considered; unfortunately, too few participants 
reported involvement in outdoor activities to perform a meaningful analysis. 

In addition to the above, the questionnaire was used to identify participants who went to 
WORK, to identify participants or other household members potentially exposed to 
EXHAUST from vehicle engines running in an attached garage, and to identify households 
w’ith exposure to tobacco SMOKE (one or more cigarettes, cigars, or pipefuls indicated). 
Participants’ exposures to tobacco SMOKE were based on whether or not exposure was 
reported on the Recall Diary. 

The effects of HOUSE WORK. SPRAYING, SMOKE, and EXHAUST on indoor (SIM) 
PMio concentrations are summarized in Table 6, which gives estimated means and geometric 

means, and their standard errors, for the exposed and unexposed subpopulations. The means 
are compared using an approximate t-test; the test assumes that the subpopulation estimates 
are approximately normally distributed. Such comparisons can obviously detect only very 
gross differences between the groups. This is partly due to the small sample sizes used in the 
comparisons, but is also due to the partial confounding of day-to-day differences with house 
or person differences, the presence of effects of other panicle-generating activities, and the 
shon duration (in some instances) of the exposure episode(s). Effects of activities on personal 
PMio levels are summarized similarly in Table 7. During the daytime monitoring period, 

those homes and persons associated with HOUSE WORK had significantly higher mean 
aerosol levels (significance level of 0.05) than those not indicating HOUSE WORK. This is 
essentially a reflection of the same phenomenon captured by the WORK variable in Table 7, 
w’hich showed lower average levels for those going to work, since many persons reporting not 
going to work also reported house work activities. The reported presence of tobacco SMOKE 
was associated with higher SIM aerosol levels for both the daytime and nighttime periods, and 
for nighttime personal levels (PEM PMio)- Daytime personal and indoor aerosol levels were 

higher for homes in which no vehicles were run in attached garages during the monitoring 
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period. This result, which may seem counterintuitive, is likely due to other factors that are 
correlated with participants’ having a garage, and suggests the need for analyses that attempt 
to deal simultaneously with several explanatory 1 variables. 



TABLE 6. EFFECTS OF ACTIVITIES ON MEAN 
PM* INDOOR (SEM) CONCENTRATIONS 








it Aromy 


Activity 
and Sample 
Type 

N 

Eat. 

Pop. 

Maan 

S£. h 

Bat. 

Pop. 

Goom. 

Mean 

S.E. 

N 

Eat. 

Pop. 

Mean 

S.E. 

Eat. 

Pop. 

Gecm. 

Mean 

S.E 

HOUSE WORK 

Day 

111 

106.4* 

7.8 

91.3 

7.3 

68 

71.1 

7.6 

67.1 

6.3 

Night 

66 

61.9 

5.3 

622 

5.0 

97 

632 

3.9 

63.7 

3.1 

SPRAYING 

Day 

70 

92.6 

8.4 

76.6 

7.3 

99 

96.1 

6.7 

792 

6.0 

Night 

66 

66.3 

6.2 

64.7 

6.1 

108 

61.4 

4.3 

62.3 

3.9 

SMOKE 

Day 

28 

125.6* 

9.2 

114.0* 

9.7 

139 

87.8 

62 

72.0 

5.0 

Night 

30 

92B* 

8.8 

83.6 

9.0 

131 

64.6 

32 

47.1 

3.0 

EXHAUST 

Day 

30 

62.3 

7.4 

60.0 

5.7 

118 

1012* 

6.7 

87.3* 

6.0 



‘AiUnikj indicate thet the population mean* or population 
are aigrrifieantly different (aignificance teral - 0.06). The 
The test aaatxmea approximate normality for the estimated po^ 


for home* with and without the activity 
u ahown beeade the higher member of the parr. 


^S.E. 



Elemental Distributions 

The XRF analyses produced data for the 42 specific elements indicated in Table 8. As 
shown, these elements consisted of 13 primary elements designated as of a priori interest due 
to knowledge concerning their most significant sources. Eight of these 13 primary elements 
were generally found in measurable quantities in the PEM/SIM/SAM samples, and, in 
particular, were found measurable in over 50% of the daytime or nighttime PEM PMjo 
samples. (The PEM PMio samples generally had higher percent measurables than the other 
types of samples.) Of the 29 secondary elements, seven met this same criterion. Subsequent 
results are given only for those 15 elements with “high” or “very high” percent measurable, as 
defined in Table 8. 
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TABLE 7. EFFECTS OF PARTICLE-GENERATING ACTIVITIES ON 

MEAN PM* PERSONAL EXPOSURES (ng/m*) 



Praran* Not F.rpnanri in Artinty 






Eat. 





Eat. 


Activity 


Eat. 


Pop. 



Eat. 


Pop. 


and Sample 


Pop. 


Geom, 



Pop. 


Gecm. 


Type 

N 

Mean 

S.E * 

Mean 

S.E. 

N 

Mean 

S.E. 

0 

1 

2 

S.E 


WORK 


Day 

591 

126.8 

11.6 

107.6 

10.7 

111 

162.1* 

9.9 

141.6* 

8.5 

HOUSE WORK 

Day 

110 

161.5* 

11.0 

1422* 

9.6 

61 

125.0 

11.4 

104.4 

10.6 

Night 

64 

73.0 

5.6 

65.9 

4.9 

104 

79.5 

32 

69 4 

2.8 

SPRAYING 

Day 

70 

158.3 

12.0 

138.6 

10.6 

101 

143.1 

10.5 

121.6 

8.9 

Night 

55 

81.5 

5.9 

69.7 

6.5 

- 113 

74.6 

4.1 

67.1 

3.5 

SMOKE 

Day 

61 

1552 

152 

131.4 

16.9 

110 

146.8 

7.7 

1272 

6.3 

Night 

29 

1042* 

8.0 

96.6 

6.7 

139 

71.4 

3.3 

632 

2.7 

EXHAUST 

Day 

31 

96.5 

8.7 

85.5 

7.0 

121 

166.3* 

9.0 

144.8* 

8.1 

Night 

7 

m 

• 

. 

♦ 

140 

77.5 

3.8 

682 

3.17 



‘Aatcriaks indicate that the population mean* or population geometric mean* for peraon* with and without the aetrritj 
are aignificantly different (aignificance level - 0.05). The astanak ia *hown beaade the higher member of the pair 
The test assumes a p pr o ximate normality for the estimated population parameter. 


*S.E. ■ standard error of the preceding population parameter estimate. 


Estimated population percentiles (10 th , 25 lh , 50 th [median], 75 th , and 90 th ) for the 
elemental concentration distributions for the residential and personal exposure samples are 
presented in Table 9. Sample sizes upon which these estimates are based ranged from 161 to 
173. For the SAM and SIM samples, the data were weighted to produce percentile estimates 
applicable to the target population of household-days, w’hiie the PEM data were weighted so 
that the estimates apply to the target population of person-days. Elements associated with soils 
(Si, A1, Ca) were present at the highest concentrations, usually over 1000 nglxr? for the PMjo 

samples. K and S were also present at high levels. For many of the elements, the pattern of the 
concentration levels over time of day and over sample type was very similar to that noted for 
the gravimetric results. This basic pattern was: 
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L 


PENl 10 pm dayumc concentrations much higher than either SIM or SAM, 

PEM 10 pm nighttime concentrations failing between those of SIM and SAM 

Higher daytime than nightume concentrations (for all sample types, and for 2.5 pm 
samples, as well as 10 pm samples). 

SAM 10 pm concentrations somewhat higher than SIM concentrations. 


r i 

LJ 


TABLE 8. CLASSIFICATION OF ELEMENTS BY PRIORITY AND BY 
PERCENTAGE WITH MEASURABLE CONCENTRATIONS 

__ Priority ____ 

XRF Ra*ult«* Pnmxry* Secondary 

Very High % Si, Ca Fe. K S. Zn, Cl 

Measurable 

High % Al Mn, Br. Pb Ti, Cu. Sr. P 

Measurable 

% Ni Cr. Ba, Kb. So, Zr 

Measurable 

Vary Low % Se. V. Gd, As La, Co. Ga, Y. Au. Ta, 

Measurable Hg, W, Sb, Ag, Ga, l, 

Cs, Mo. Rh. Pd, Sc 

""Very high” - err err 90% maas arable for all types of lOp samples (P EM .STM, and SAM, for day and 
night); "High* * orer 50% measurable for daytime or nightiime PEM lOp samples; “Low” ■> under 60% 
maasizrabla for both types of PEM lOpsamplaa; and "Vary low" * under 10% maa tumble for all sample 
types. ConoentmPons were considered msasumble when they exceeded three times tbs calculated 
XRF uncertainty lerel. 

^Primary elements consisted of toxic metals (Pb, As) plus elements with known significant sources: 

Si. Al, and Cs from crustal s/soils; Fe. Mn, and Ni from industrial sources; and firs combusts on-rsls ted 
slsmsnts — K (wood), S« (coal), V (oil), Br (vehicls emissions), and Cd (tobacco). 

Elements exhibiting this same pattern were Si, Al, Fe, Ca, Mn, K, Ti, and Sr. Slight 
departures from the pattern were noted for several elements (Cl, Br, Cu, Zn, and P), but they 
too exhibited the high daytime personal exposures. The major exceptions to the basic pattern 
were Pb, Br, Cl, and S. Lead, for example, showed a less pronounced difference between 
PEM and SIM daytime concentrations; it also exhibited a higher fine-particle fraction. Of all 
the elements observed, S exhibited the most unique pattern: Its concentration distributions did 
not vary greatly by lime of day, and the personal, indoor and outdoor samples were more 
highly correlated than for the particle mass or the other elements and exhibited almost 
identical daytime distributions. Also, a higher proportion of the S occurred in the fine fraction 
than for the other elements. Thus, in terms of the the daytime PEM versus SIM differences, 
the general tendency (an exception was Br) was for large differences to exist for those 
elements occurring mostly in the coarse-particle fraction (e.g.. Si, Al. Ca) and for small 
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(sometimes negligible) differences to exist for those elements occurring in the fine-particle 
fraction (e.g., Pb, S). This raises the possibility that, on average, most of the excess PEM- 
minus-SIM \0-pm concentration difference (i.e,, reflecting the so-called “personal cloud*’) 
may be due to coarse panicles. 

Sources of Excess Personal Exposure 

The composition of an individual’s “personal cloud” is important to understand in rela¬ 
tion to possible health problems. While some general population characteristics of personal 
clouds may be determined, it seems likely, considering the number of different sources of 
particles, that the composition is different for different people. The personal cloud for many 
people may consist mostly of fine particles, or mostly of coarse panicles, depending on the 
different mechanisms of particle generation, re-entrainment, and resuspension that are 
involved. The source or sources of the roughly 50% increase in daytime personal exposure 
compared to the indoor and outdoor air concentrations remain unclear. Several possibilities 
include: 

1) The apparent increase is due to different sampling characteristics of the personal monitor. 

2) The increase is due to skin flakes or clothes fibers accumulating on the personal monitor. 

3) The increase is due to increased exposures encountered while participants are out of the 
house. 

4) The increase is due to generation or re-entrainment of particles during personal activities. 

The first possibility has been tested in several ways. The only difference between the 
PEM and the SIM is the pump (Casella vs. Medo). Laboratory tests of the two pumps failed to 
show any difference in sampling characteristics on a test aerosol. Wind speed and direction 
were also tested and had little effect on either the PEM or the SIM. Particle bounce should 
affect both the PEM and SIM equally, since the sampling heads arc identical. It remains pos - 
sible that the constant motion of the PEM may somehow affect its sampling characteristics 
compared to the fixed SIM. 

The second possibility’ was tested by scanning electron microscopy (SEM) on three sets 
of personal, indoor, and outdoor filters (Mamanc, 1992). Skin flakes were found in large num¬ 
bers on one personal filter; however it was not possible to estimate their mass. If most of the 
increased mass were due to skin flakes or fibers, increases in mass for elements other than 
carbon would not be expected; however, 14 of 15 elements were also elevated in the personal 
samples. This same effect was demonstrated by the similarity of the elemental composition 
for personal samples as compared to those for indoor and outdoor samples. These results thus 
suggest that organic particles from people and their clothes were not responsible for most of 
the increase in daytime personal PM io relative to the indoor and outdoor levels. 

The third possibility has been partially tested by comparing persons who went to work on 
the day of monitoring with those who did not. Even though their daytime exposures included 
round-trip commutes in Los Angeles County traffic, their exposures were significantly lower 
than those of participants who stayed at home. 
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TABLE 9. ESTIMATED POPUl^TION PERCENTILES OF ELEMENTAL CONCENTRATIONS (ng/m*) 

FOR RESIDENTIAL AND PERSONAL EXPOSURE DATA' 


c 


09T9S8iS0S 






PM l# PM tt PM tf PM W 

ELE¬ 
MENT 
A EST. 

POP. 


%ILE 

SAM 

SIM 

SAM 

SIM 

PEM 

SAM 

SIM 

SAM 

SIM 

PEM 

Si 10 

290 

220 

4000 

200 

3400 

140 

150 

2500 

1400 

1500 

26 

410 

330 

6200 

3000 

6200 

210 

220 

3000 

1900 

2300 

60 

660 

640 

6800 

4900 

9200 

340 

320 

4600 

2700 

3300 

76 

760 

820 

8600 

8100 

16000 

480 

480 

6300 

4200 

5300 

90 

1200 

1300 

12000 

12000 

22000 

660 

680 

8600 

6700 

7800 

A! 10 

y 

<• 

1300 

450 

1000 

■fr 

— 

760 

240 

400 

26 


♦ 

1900 

960 

1900 


- 

1200 

610 

700 

60 

- 

W 

2600 

1900 

3400 

• 

- 

1700 

990 

1000 

76 

- 

- 

3600 

3000 

6000 

- 

• 

2600 

1600 

1800 

90 

• 

• 

* 6200 

4700 

8900 

- 


3600 

2100 

3200 

C* 10 

130 

120 

1200 

690 

1200 

63 

90 

790 

610 

690 

26 

190 

180 

1600 

1100 

2000 

85 

120 

1000 

670 

920 

76 

370 

420 

2700 

2700 

6600 

210 

240 

1900 

1400 

2000 

90 

620 

700 

3800 

4200 

8600 

310 

320 

2400 

2000 

3300 

Fe 10 

170 

110 

1200 

620 

930 

92 

83 

870 

400 

440 

25 

230 

170 

1600 

890 

1400 

140 

110 

1100 

620 

640 

60 

340 

270 

2100 

1400 

2600 

230 

170 

1430 

840 

960 

76 

490 

440 

2800 

2000 

4400 

360 

280 

2200 

1200 

1400 

90 

690 

630 

3700 

3300 

6800 

490 

380 

2800 

1700 

2300 
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TABLE 9 




ELE¬ 
MENT 
& EST. 

POP. 

%1LE SAM SIM SAM SIM PEM 


Mn 10 4.2 10 26 10 19 



25 

66 

6.0 

32 

19 

28 


60 

11 

82 

46 

30 

49 


75 

16 

12 

61 

47 

93 


90 

20 

19 

79 

69 

140 

K 

10 

100 

90 

680 

340 

640 


25 

150 

120 

800 

650 

910 


60 

180 

200 

1000 

880 

1500 


75 

270 

310 

1300 

1400 

2400 


90 

360 

460 

1600 

2000 

3700 

Br 

10 

13 

16 

1.4 

28 

7.3 


26 

44 

4 1 

4.9 

7.2 

12 


60 

7.8 

7.9 

10 

11 

18 


76 

12 

13 

15 

17 

27 


90 

17 

17 

19 

24 

38 

Pb 

10 

66 

3 1 

11 

86 

14 


26 

11 

8.1 

18 

15 

19 


60 

18 

15 

27 

23 

32 


76 

25 

23 

38 

33 

46 


90 

34 

30 

47 

47 

74 


r i 
u 





SAM SIM SAM SIM PEM 


22 05 17 66 84 


6 1 

34 

23 

10 

13 

8.6 

63 

30 

20 

20 

14 

10 

48 

28 

31 

19 

17 

66 

38 

49 

70 

71 

470 

280 

340 

93 

89 

610 

370 

460 

120 

140 

720 

640 

680 

190 

230 

980 

770 

1000 

240 

360 

1300 

1100 

1400 


30 

28 

39 

42 

55 

6.3 

45 

7.9 

66 

87 

89 

7.1 

12 

10 

12 

14 

12 

18 

15 

17 

22 

15 

24 

21 

21 

7.4 

40 

11 

66 

64 

12 

7.7 

17 

12 

12 

18 

15 

25 

22 

19 

27 

22 

40 

34 

29 

40 

34 

60 

46 

43 
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PM 


it 


PM 


PM tl 


PM 


ELE 
MENT 
8 l EST. 
POP. 


%ILE 

SAM 

SIM 

SAM 

SIM 

PEM 

SAM 

SIM 

SAM 

SIM 

PEM 

8 10 

200 

190 

310 

360 

530 

260 

220 

380 

430 

470 

25 

360 

320 

630 

670 

890 

760 

670 

1000 

770 

720 

60 

1400 

1200 

1600 

1600 

1600 

1400 

1100 

1700 

1300 

1300 

76 

2200 

1900 

2600 

2200 

2400 

2200 

1800 

2600 

2000 

2100 

90 

2800 

2600 

3100 

3100 

3200 

3100 

2600 

3400 

2800 

2700 

Zn 10 

13 

14 

28 

38 

62 

13 

n 

22 

27 

29 

26 

21 

23 

39 

48 

83 

19 

16 

31 

36 

38 

60 

38 

3 

63 

68 

120 

29 

26 

46 

60 

61 

76 

60 

66 

80 

no 

190 

48 

43 

70 

74 

80 

90 

73 

81 

no 

140 

260 

78 

68 

no 

97 

no 

ct 10 

12 

23 

68 

120 

220 

16 

10 

100 

77 

130 

26 

27 

38 

92 

160 

410 

38 

30 

180 

130 

200 

60 

63 

77 

160 

280 

700 

84 

60 

360 

230 

370 

76 

83 

140 

250 

610 

1100 

170 

120 

600 

350 

580 

90 

143 

260 

660 

860 

1600 

370 

230 

1200 

680 

910 

Ti 10 

• 


no 

63 

120 

- 


64 

40 

61 

26 

- 

- 

140 

92 

180 



94 

69 

80 

60 

- 

- 

180 

160 

260 


- 

120 

83 

no 

76 

- 

- 

240 

160 

600 


• 

170 

130 

160 

90 

- 


330 

360 

760 

- 

• 

240 

180 

260 

* 1 " ' I * —--- ---— 
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DAYTIME 


MGirm me 


ELE¬ 
MENT 
& EST. 
POP. 

%ILE 

PM„ 



PM l# 


PM tl 



PM,. 


SAM 

+ 

SIM 

ft 

SAM 

SIM 

PEM 

SAM 

SIM 

SAM 

SIM 

PEM 

Cu 10 

• 

10 

6.6 

7.3 

15 

0.7 

0.7 

6.6 

4.4 

63 

25 

a 

38 

10 

11 

22 

3.6 

2.9 

9.3 

7.8 

99 

50 

•a 

8.6 

14 

16 

34 

6.7 

6.3 

14 

12 

16 

76 

• 

13 

18 

26 

49 

11 

11 

20 

19 

21 

90 

- 

22 

26 

42 

72 

16 

17 

28 

28 

31 

Sr 10 

• 

• 

9.6 

5.2 

9.3 

• 

• 

7.7 

6 1 

6.6 

25 

• 

• 

12 

8.6 

13 

• 

• 

10 

6.7 

7.0 

60 

♦ 

• 

17 

13 

22 

- 

- 

13 

9.4 

10 

• 

76 

• 

- 

21 

18 

32 

- 

• 

17 

12 

14 

90 


- 

27 

26 

40 

- 

- 

21 

16 

20 

P 10 

- 

- 

- 

- 

40 

- 

• 

• 

- 

- 

25 

- 

• 

- 

- 

94 

- 

- 

- 


• 

50 


- 

* 

- 

190 

• 

- 

* 

- 

- 

75 

* 

- 

- 

- 

300 

- 

- 

- 

• 


90 



• 

• 

440 


* 

m 





'Results lire weighted to reflect the target population! of individuals (PEM sample!) or of households (SIM and SAM samples) 


k Result* are not reported, since fewer than 30% of the samples had concentrations greater than the XRF uncertainty limit. 
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The fourth possibility - seems likely. Persons engaging in activities such as vacuuming, 
dusting, and cooking had significantly higher exposures than the other participants House 
dust is a mixture of airborne outdoor aerosols, tracked-in soil and road dust, and aerosols pro¬ 
duced by indoor sources. As such, it should contain crustal elements from soil, lead and 
bromine from automobiles, and other elements from combustion sources This would be 
consistent with the observation that nearly all elements were elevated in personal samples. 
The fact that personal overnight samples showed smaller mass increases than the personal 
daytime samples is also consistent with the fact that the participants were sleeping for about 
two/thirds of their overnight monitoring period, and were thus not engaging in such particle- 
generating or re-entraining activities. There remains the problem of sulfur, which showed no 
increase in personal samples compared to indoor or outdoor samples. This may be due to the 
fact that sulfate ions have a much smaller mass median diameter and a lower deposition veloc¬ 
ity than other ionic constituents of fine particles (Sinclair et al., 1990). Thus sulfur would not 
tend to accumulate in house dust as much as other elements. Also, smaller particles may be 
harder to dislodge from surfaces, due to electrostatic or Van der Waals forces. Finally, very' 
fine particles such as sulfates may be depleted in personal monitors due to being swept around 
the chest area of the body by the airflow patterns created by a moving bluff object. 1 

Several lines of research may be followed to try' to select among these possibilities. A 
laboratory study comparing a constantly moving PEM with a stationary PEM would help 
decide on the first possibility above. Additional SEM analyses would provide a larger data set 
with which to test the second hypothesis. Multivariate modeling based on answers to the ques¬ 
tionnaires might identify non-home environments of importance. Samples of house dust in 
some of the participants* homes could help to determine the extent of house dust re-entrain¬ 
ment contributing to the excess of personal exposures. 

CONCLUSIONS 

Personal exposures to PMjo for non-smokers aged 10 and above in Riverside in the fall 
of 1990 appeared high in com pan son with ambient concentration standards. Daytime personal 
exposure levels (median of 130 ^g/m 3 ) tended to exceed both indoor and outdoor levels, and 
to be about twice as high as the nighttime personal exposure levels. Correlations of personal 
PMio exposures with fixed-site outdoor concentrations (matched by time period) were low: 

0.37 in the daytime and 0.54 at night. This suggests, especially for the daytime hours, that 
fixed-site aerosol monitors do not adequately represent personal exposures. Indoor 
concentrations were moderately correlated with personal exposures (0.63 for day, 0.80 at 
night). Among the 42 elements measured, the highest concentrations were found for Si, .Al, 
Ca, Fe, K, and S. Many of the distributions of elemental concentrations had day/night and 
sample type patterns similar to the aerosol concentration distributions. The major exception 
was S, which occurred almost entirely in the fine fraction, and which showed little variation in 
levels over time of day or over sample type (outdoor, indoor, and personal). Of the several 

* C. Rodes, personal communication. 
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possibilities for the elevated personal PMjo levels, the most likely is that personal exposures 
are actually higher than indoor and outdoor concentrations — possibly because of localized 
activities/sources and because of resuspension of particles from clothing and surfaces caused 
by peoples* movements. However, further research will be needed to examine the cause(s) of 
the elevated personal exposures and the particle size distribution of the exposures. 
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INDOOR AIR QUALITY AND SICK BUILDING 
SYNDROME IN 27 AIR-CONDITIONED 
OFFICES-THE EFFECTS OF FIVE 
SMOKING POLICIES 

A. Hedge, Ph.D. W.A. Erickson G. Rubin, Ph.D. 


ABSTRACT 

The effects of five smoking policies (smoking prohibited, 
smoking restricted to rooms with local air filtration, 
smoking restricted to rooms with no local air treatment , 
smoking restricted to rooms with separate exhaust ventila¬ 
tion, and smoking restricted to the open-plan cubicle 
workstations and enclosed offices) on indoor air quality and 
sick building syndrome (SBSj complaints in 27 air-condi¬ 
tioned office buildings are described . Carbon monoxide, 
carbon dioxide, respirable particulates, formaldehyde, 
ultraviolet particulate mass, nicotine, air temperature, crj 
relative humidity were measured in each building . There 
were no significant differences among policies in numbers 
of smokers, average number of cigarettes smoked daily, or 
levels of carbon monoxide, carbon dioxide, respirable 
particulates, relative humidity, air temperature, or illumina¬ 
tion in the office areas . There were significant differences 
among all policies in ultraviolet particulate mass and 
formaldehyde and in nicotine among the spatially restricted 
smoking policies. Concentrations of environmental tobacco 
smoke (ETS) pollutants were highest when smoking was 
restricted to rooms with local air filtration. Sick building 
syndrome symptoms were marginally more prevalent for the 
smoking-prohibited policy. 

INTRODUCTION 

Environmental tobacco smoke (ETS) is an easy source 
of indoor air pollution to control. Smoking prohibition adds 
no costs to the design, maintenance, or operation of the 
building ventilation system. A recent American survey of 
2,500 facilities managers found that 42% manage buildings 
where smoking is prohibited (IFMA 1992). Other ap¬ 
proaches to controlling ETS pollutants involve implementing 
spatially restrictive smoking policies, including confining 
smoking to areas with separate exhaust ventilation, confin¬ 
ing smoking to areas with localized air filtration to remove 
ETS pollutants, confining smoking to areas without any 
additional air treatment, or restricting smoking to enclosed 
offices or to individual workstations. Sterling et al. (1987) 


compared concentrations of carbon monoxide, carbon 
dioxide, nicotine, and respirable particulates on two similar 
office floors, one where smoking was ad lib and one where 
it was restricted to a designated are*. Although nicotine 
concentrations were elevated on the ad-lib smoking floor 
(average of 4.9 fig' m 3 ), there were no significant differenc¬ 
es in the concentrations of the other pollutants, winch 
suggests that the ventilation system was effective in supply¬ 
ing sufficient air to dilute these pollutants; however, 
workers’ perceptions of indoor air quality or reports of sick 
building syndrome (SBS) symptoms were not surveyed. 

Robertson et al. (1988) reported that passive smoking 
affects SBS complaints in nonsmokers: more SBS symptoms 
were reported by nonsmokers with higher estimated ETS 
exposure, 1 although other research has not found a relation¬ 
ship between smoking and SBS complaints (Hodgson et al. 
1991). This paper describes a field experiment designed to 
investigate the effect of five smoking policies (prohibition 
and various forms of spatial restriction) on indoor air 
quality, on the perception of environmental conditions, and 
on reports of SBS among workers. Interim results from this 
study previously have been reported (Hedge et al. 1991). 

METHODS 

Smoking Policies 

The five smoking policies investigated were smoking 
prohibited (SP), smoking restricted to rooms with local 
electrostatic air filtration units (RP), smoking restricted to 
areas with no local air treatment (RNT), smoking restricted 
to rooms ventilated by a separate ventilation system (RSV), 
and smoking restricted to enclosed offices and open-plan 
cubicle workstations (RWS). 

1 Thc SBS is a collection of symptoms—eye, nose, and throat 
irritation, headache, lethargy, respiratory and skin problems — 
associated with occupancy of certain workplaces and thought to be 
caused by poor indoor air quality, complaints of SBS are more 
prevalent in air-conditioned office buildings than in naturally 
ventilated office buildings (Hedge et al 1989, Mendell and Smith. 
1990). 
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Office Buildings 

Twenty-seven air-conditioned buildings with either 
variable-air-volume (VAV) or constant-air-volume (CAV) 
ventilation systems and with different smoking policies were 
studied. The buildings were occupied by 17 organizations, 
all doing typical office work (insurance, finance, sales and 
marketing, etc.). Fifteen of these organizations were private 
companies, and these occupied 25 of the 27 buildings. One 
building was occupied by a federal agency and one by a 
municipality. Pnor to the study, one building was thought 
to have an indoor air quality problem; otherwise, the status 
of the buildings was unknown to the investigators. 

Selection of Indoor Air 
Quality Sample Sites 

Each building was sampled in the winter/spring season 
over two consecutive workdays with the exception of one 
buildmg, which was sampled for one day because a census 
sample of workers bad been achieved. On each day, two 
sites were sampled in the morning and two more in the 
afternoon. AJi sites were in open office areas in the SP and 
RWS policy buildings. In the RSV policy buildmgs, 
morning and afternoon measurements were taken at four 
sites in nonsmoking open office areas. In two of these 
buildings, the remaining sites in the separately ventilated 
space (cafeteria) included two sites where smoking was 
allowed and two sites where it was prohibited (the cafeteria 
was divided into smoking and nonsmoking areas). In the 
other RSV policy buildmgs, the remaining four sites 
sampled were in the cafeteria'vendmg areas where smoking 
was permitted. In the RF policy buildings, morning and 
afternoon measurements were taken at four sites in the open 
offices and at four sites in the designated smoking lounges. 
In one building, two sites were located in smoking lounges, 
two in nonsmoking lounges, and the remaining four in the 
open office areas. In one of the RNT policy buildings, two 
sites were in a smoking area; in another buildmg, three 
sampling sites were smoking areas; the remainder were 
open office areas. In another RNT policy buildmg, one site 
was in a cafeteria smoking area, one was in the cafeteria 
nonsmoking area, and the remaining six sites were in open 
office areas. In all other RNT policy buildmgs, smoking 
was restricted to private offices, although all the sites 
sampled were in open office areas. In total, 117 smoking 
and 95 nonsmoking sites were surveyed. 

Indoor Air Quality and 
Environmental Measures 

All sampling was conducted during normal office hours 
and on full working days. Where possible, sample sites 
were chosen in occupied office areas with the fewest full- 
height walls or other obstructions to airflow. Care was 
taken to avoid the following: exterior walls and corners, 
areas receiving direct sunlight, palpable drafts, direct 


influences of supply or return ducts, high-traffic locations, 
and direct impacts from possible contaminant sources such 
as photocopiers (Nagdi and Rector 1983). Measures of 
formaldehyde, nicotine, 2 respirable particulates (< 2.5 
jim), and ultraviolet particulate mass (UVPM) were taken 
by dra\ mg air through the sampling media or a filter using 
computer-con trolled air sample pumps boused in each of 
two ordinary black briefcases that were lined with inert 
sound-insulating foam. Respirable particulates were mea¬ 
sured using a single-stage inertial impactor attached to one 
end of each briefcase. Nicotine and formaldehyde samp les 
were obtained by drawing air through sorbent sample media 
protected by each of two brass tubes that protruded approxi¬ 
mately 4 cm (1.5 in.) from one end of the briefcase. 
Exhaust lines ran out at the opposite end of the case. Pumps 
were calibrated prior to each sample with a bubble flowme¬ 
ter, and post-sample flow' rates also were checked. Ail flow 
rates then were averaged over 10 consecutive measurements 
taken after the pump flow stabilized. Total volume was 
calculated using the average of the initial and final flow 
rates. Overall, the rates were quite consistent, with the final 
flow rates averaging 98% (±0.004%) of the initial settings. 
Ail sorbent media and filters were supplied by a commer¬ 
cial analytical laboratory, which also performed sample 
analysis. In each buildmg, one field blank was taken for 
each pollutant by briefly exposing the sampling medium to 
the office air. 

Hourly readings of carbon monoxide (CO), carbon 
dioxide (CO^), respirable suspended particulates (< 3.5 
jim), temperature, relative humidity, and illumination were 
also taken at these sites using direct-reading instruments. 
Further details of the environmental survey method have 
been previously reported (Hedge et al. 1991). 

Questionnaire Survey 

While the indoor climate survey was being conducted 
in the office areas, a questionnaire survey was conducted, 
The self-report questionnaire gathered information on 
employee perceptions of ambient conditions, occupational 
factors, work-related health and SBS symptoms, personal 
details, and smoking history. Questionnaires were distribut¬ 
ed to approximately 30 workstations in the office area 
around each sample site. Most questionnaires were distrib¬ 
uted and collected by the researchers on the same day, 
although in 3 of the 27 buildings distribution and collection 
were done by in-house staff. Workers unable to complete 
the questionnaire on the same day were given a pre-ad- 
dressed return envelope. Less than 2% of the workers 
refused to accept a questionnaire, and of the 6,335 question¬ 
naires distributed, 4,479 were returned (average 72% return 
rate: minimum 58%, maximum 88%). Further details of the 
questionnaire survey method have been previously reported 
(Hedge et al. 1991). 

2 Nicotine was not measured in the SP policy buildings or in the 
nonsmoking areas of the RSV smoking policy buildings, although 
in each building a single sample was taken as a check 
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Statistical Design and Analysis 

The physical environment data were analyzed as a split- 
unit design in which smoking policy was the whole-unit 
treatment factor, and time of day (morning or afternoon 
samples) and smoking designation of an area (smoking or 
nonsmoking) were the sub-unit treatment factors. In these 
analyses the building was the experimental unit 3 , and the 
pooled variation in means among the buildings within each 
policy was the error term for testing the effect of smoking 
policy. The locations at which the environmental measures 
were taken within each building (designated the site vari¬ 
able) were the experimental units for the time-of-day and 
smoking area designation treatment combinations. Effects 
of time-of-day and smoking area designation and all their 
interactions were tested using the variation among sites as 
the error term. When the interaction between time of day 
and smoking policy was significant for a pollutant, compari¬ 
sons between morning and afternoon measures were made 
separately for each policy. When the effect of smoking 
policy was significant for a pollutant, comparisons among 
the smoking policies were made using the following set of 
orthogonal contnsts: 

• RSV vs. RF (separate ventilation contrasted with air 
filtration in smoking rooms); 

• RNT vs. average of RSV and RF (dilution ventilation 
from smoking areas contrasted with some form of air 
cleaning); 

• SP vs. avenge of RNT, RSV, and RF (prohibiting 
smoking contrasted with spatial restriction of smoking); 

• RWS vs. average of SP, RNT, RSV, and RF (dilution 
ventilation for dispersed sources contrasted with either 
spatial restrictions on smoking or source elimination). 

The effects of smoking area designation and the 
interaction between this and smoking policy were assessed 
by conducting separate analyses using only the data from 
the spatially restricted smoking policies (RSV, RF, RNT). 
When the interaction between policy and smoking 
designation was significant for a pollutant, comparisons 
between smoking and nonsmoking areas were made sepa¬ 
rately for each spatially restricted smoking policy. Where 
appropriate, these comparisons were made using unequal 
variance-independent sample t-tests. To assess how tightly 
coupled the levels of the pollutants associated with tobacco 
smoke were after accounting for the variation in the 
measurements due to the design variables, partial correla¬ 
tions among the environmental measures were calculated. 
Concentrations of CO, CO^, and formaldehyde were log- 
normally distributed, and data were natural log transformed 
for analysis. There were zero readings for the concentra¬ 
tions of CO and formaldehyde. For computational purposes, 
a value of 10 " 4 was added to each CO reading, and zero 

3 An experimental unit ii defined as the smallest size unit to which 
a treatment can be applied. 
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RESULTS 



Estimates of the total number of cigarette 

during the workday by the smokers surveyed ic tbeJtsv 

RF, RNT, and RWS policies, and the total number o4 
person-hours spent in s mo king areas in the RSV, Rf ^ 

RNT policies were calculated from the questionnaire surv 
data. No significant differences among the policies in 
smoking was allowed were found for either the number of 
cigarettes smoked daily—RW'S (345 ±55), RNT (\u 

±67), RSV (162 ±67), RF (191 ±55), or the total number 
of person-hours spent ir smoking areas of the spahajh 
restricted policies—RSV (26.25 ±19.55), RF (57,63 
±15.99), and RNT (18.75 ±22.57). Smoking policy did 

however, affect indoor air quality, although the level* 0 j 
pollutants generally were low. The mean pollutant cooca>- 
trations and environmental measures for each policy art 
shown in Table 1. The means for the nonsmoking and 
smoking areas of the spatially restricted policies 
in Table 2, and the means for only the open office areas for 
each policy are shown in Table 3. 

To measure RSP <2.5 pm a gravimetric method was 
used; however, this was found to be an unreliable tech* 
nique, with 26 of 27 field blanks showing some discrepancy 
from their initial mass: 6 with negative mass, 20 with 
positive mass. Although statistical analysis of gravimetnc 
RSP has been previously reported for 18 of these buildings 
(Hedge et al. 1991), the results from all 27 buildings are 
dubious because the quality of the data was poor, and 
further statistical analysis was not performed. Another 
indication of the unreliability of the gravimetric RSP dan 
is that UVPM was not significantly correlated with gravi¬ 
metric RSP, even though the UVPM samples were derived 
from the RSP samples. 

There was an effect of smoking policy on UVPM 
(F 4 22 * 4.01, p * 0.0136), and concentrations were much 
lower in the SP policy than in the other smoking policies 
(Table 1). There was also an interaction of smoking policy 
with site (F^.lSO * 6.99, p = 0.0001). Analysis of the 
data for the spatially restricted smoking policies showed that 
UVPM levels were higher in smoking areas than in non* 
smoking areas, although the difference varied among the 
smoking policies and was greatest for the RF policy (F^.ti 
« 9.55, p * 0.0002; Table 2). Comparisons of only the 
open office areas also showed a policy effect (F 422 * 4.08, 
p * 0.0127; Table 3), and there was a difference in UVPM 
levels between the SP policy and the average of the RSV, 

RF, and RNT smoking policies (F ^22 * 5.97, p * 
0.0230). There was a marginal difference between the RWS 
smoking policy and the average of the SP, RSV, RF, and 
RNT smoking policies (F 1>2 2 *= 4 . 10, p * 0.0552). Partial 
correlation analysis showed that UVPM correlated with 
metered RSP (r « 0.50, p = 0.0001). 
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TABLE 1 


Indoor Environment Conditions for Each Smoking Policy 


—- 

SP 

RSV 

RF 

RNT 

RHS 

CO (ppm)* 

0 1 [0 00, 0 5] ! 

0.7 [0 1, 5.2] 

0.4 [0,1, 2 1] 

0 6 [0,1, 3 3] 

0 1 [0 0. 0 5] 

C0 2 (ppm)* 

561 [478,657] 

600 [494, 729] 

674 [575,791] 

634 (533, 755] 

573 [488. 671] 

Formaldehyde (ppm)* 

0.01 [0.008, 0 028] 

0.02 [0 009, 0.046] 

0.02 [0.013. 0 047] 

0.05 [ 025, 0 103] 

0 01 [0 008,0 028] 

RSP Gig'm 3 ) 

oo 

H 

o 

28 9 ± 17.1 

72.7 ± 14 0 

25.3 ± 15.3 

22.6 ± 14 0 

UVPM O'g/m 3 ) 

0.2 ± 22.9 

44.1 ± 28.1 

114.9 ± 22 9 

19.8 ± 25.1 

10 2 ± 22 9 

Nicotine Oig^m 3 ) 

— 

6 90 ± 3 0** 

20 8 ±24 

3.8 ± 2 6 

2.4 i 24 

Temperature ( # C) 

23.9 ± 0.4 

24.3 ± 0.5 

23.9 ±04 

23.7 ±04 

23.6 ± 0.4 

Temperature (*F) 

75 0 ± 0 7 

75.7 ± 0.9 

75 0 ± 0 4 

74,7 ± 0.7 

74.5 ±07 

RH (%) 

29 7 ± 3.5 

35.1 ±43 

33.4 ± 3.5 

28.3 ± 3.9 

35 9 ± 3.5 

Illumination (fc) 

43.9 ± 5 8 

47.7 ± 7.0 

47.2 ± 5 8 

1 

54.5 ±63 

52.5 ± 5.8 

Illumination (lux) 

472 4 ± 62 4 

513.3 ± 75.3 

507 9 ± 62 4 

586 4 ± 67 8 

564,9 ± 62 4 


• Means backtrans formed from natural loganthum scale, backtrans formed 95% confidence limits shown in square brackets 
** Nicotine only measured in separately ventilated smoking areas. 


TABLE 2 


Indoor Environment Conditions for Nonsmoking and Smoking Areas of Spatially Restricted Smoking Policies 



RSV 

Nonsmoking 

RSV 

Smoking 

RF 

Nonsmoking 

RF 

Smoking 

RNT 

Nonsmoking 

RNT 

Smoking 

CO (ppm)* 

0 3 [0.2, 0 7] 

1.5 [0 7, 3 4} 

0.2 [0.1. 0.3] 

1.2 [0 7, 2 1) 

0 4 [0 2, 0 8} 

1.0 [0 4. 2 2} 

CO 2 (ppm) 

, 573 [ 523 . 62 7] 

635 [571, 707] 

673 [626, 732} 

676 (550, 644] 

597 [550, 647] 

698 [624, 781] 

Formaldehyde 

(ppm)* 

0 02 

[0013, 0.024] 

0 02 

[0.017, 0.034} 

0.02 

[0 014, 0.022] 

0 04 

[0 030, 0.049} 

0.05 

[0 038 0.063] 

0.06 

[0,039, 0.079] 

RSP 0:g' 3 ) 

11,9 ± 10.1 

53 7 ± 12.0 

30.2 ± 8.0 

126.1 ±88 

19 3 ± 9.0 

35.6 ± 12.5 

UVPM Oig/m 3 ) 

3.2 ± 23.1 

109.1 ± 27.3 

14.5 ± 18.3 

236 6 ± 20.0 

9.3 ± 20.5 

35.6 ±28 6 

Nicotine (>ig/m 3 ) 

— 

8.2 ± 5.1 ** 

0.9 ± 3.3 

44.2 ± 3.6 

0.3 ± 3.8 

10.3 ± 5.2 

Temperature (*C) 

24.4 ± 0.2 

24.4 ± 0.2 

24.0 ± 0.2 

23.8 ± 0.2 

23.7 ± 0.2 

23.8 ± 0,2 

Temperature (*F) 

75.9 ± 0.4 

75.9 ± 0 4 

75.2 ± 0.4 

74.8 ± 0.4 

74.7 ± 0.4 

74.8 ± 0.4 

RH (%) 

34.6 ± 1.3 

35 4 ± 1.5 

33.2 ± 1.0 

33 6 ± 1.1 

28.2 ± 1.2 

28,7 ± 1.6 

Illumination (fc) 

50.6 ± 4.5 

45.4 ± 5.3 

47.9 ± 3.6 

46 8 ± 3.9 

60.3 ± 4.0 

44.1 ± 5,6 

Illumination (lux) 

544.5 ± 48,4 

488.5 ± 57.0 

515.4 ± 38.7 

503.6 ± 42.0 

648 8 ±43 0 

474.5 ± 60.3 


* mean* backtrans formed from natural logarithm scale, backtransformed 95% confidence limits shown in square brackets 
** nicotine only measured in separately ventilated smoking areas. 
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There was a marginal effect of smoking policy oc 
metered RSP (F 4>22 m 2.67, p * 0.0594), which was 
driven mainly by the difference between the RSV and the 
RF smoking policies (JF X 22 * 3.95, p * 0.0594). Analysis 
of the spatially restricted smoking policies showed that 
metered RSP levels were higher in smoking areas than 
nonsmoking areas, although this varied among these policies 
(F 2 |$ « 8.94, p * 0.0003). Analysis of only the office 
areas showed no difference in metered RSP among policies. 
Using the data from ail policies, metered RSP correlated 
with UVPM (r * 0.50, p - 0.0001), formaldehyde (r - 
0.23, p - 0.0038), and CO (r * 0.33, p * 0.0001), all of 
which are potential tracers of ETS. 

Nicotine levels differed among the spatially restricted 
policies, whether the RSV policy was included (F 212 ~ 
8.22, p * 0.0056) or excluded from this analysis (F 19 — 
12.90, p * 0.0058). Overall, the RF smoking policy had 
the highest concentration of nicotine (Table 1), but there 
was an interaction between site and policy (Fj 55 = 14.88, 
p ** 0.0003). Nicotine concentrations were higher in the 
smoking areas than in the nonsmoking areas for both the 
RF and RNT smoking policies, although the concentration 
in the smoking areas for the RF smoking policy was more 
than four times that of the RNT smoking policy, whereas 
levels in nonsmoking areas were very low for both smoking 
policies (Table 2). To assess how tightly coupled nicotine 
concentrations were with other ETS pollutants, partial 
correlation analysis was performed using the data from the 
spatially restricted policies. Only UVPM was correlated 
with nicotine (r * 0.32, p = 0.0057), suggesting that 
UVPM is indeed measuring particulates from ETS, as 
suggested by Conner et al. (1990). 

Formaldehyde concentrations generally were at or 
below 0.02 ppm except for the RNT smoking policy, where 
levels averaged 0.05 ppm. The main effect of smoking 
policy on formaldehyde was not significant; however, there 
was an interaction of smoking policy with site (Fj 2,150 * 
3.34, p *= 0.0003). Formaldehyde levels were slightly 
higher in smoking areas than nonsmoking areas in the 
spatially restricted smoking policies (Table 2), but there 
were no differences among the sites for die SP and RWS 
policies (Table 1). For only the spatially restricted smoking 
policies (RSV, RF, and RNT), there was a marginal effect 
of smoking policy on formaldehyde levels (F 2 l2 * 3.75, 
p « 0.0543) resulting from a difference between the RNT 
and the average of the RSV and RF policies (Fj l2 * 7.^4, 
p *» 0.0184). There was also an interaction of smoking 
policy with smoking area designation (F 2 M « 3.56, p « 
0.0326) because there was no difference in formaldehyde 
levels between smoking and nonsmoking areas for die RSV 
policy; the formaldehyde levels in smoking areas were 
double those in the nonsmoking areas for the RF policy, 
and the RNT smoking policy had the highest formaldehyde 
levels both in the nonsmoking and smoking areas (Table 2). 
There was no significant effect of smoking policy on 
formaldehyde levels when only the open office area data 


) 


were analyzed (Table 3), but there was a difference be¬ 
tween the RNT and the average of the RSV and RF pohese* 
(F] t2 2 ~ 5.23, p * 0.0321), again because formaldehyde 
levels were highest for the RNT policy. Partial correlation 
analysis showed that formaldehyde correlated with CO (r *= 

0.28, p * 0.0005) and with C0 2 (r * 0.26, p ^ 0.0013 
but not with other ETS pollutants. 

Almost all measures of CO concentrations were ver> 
low, and there was no main effect of smoking poho oc 
CO, although there was an interaction of smoking pobev 
with site (F^ j^ * 1.96, p « 0.0320). Analysis of the CO 
levels for the spatially restricted policies showed that these 
were higher in smoking areas than in nonsmoking areas 
(Fi ? |g * 26.40, p *= 0.0001; Table 2). CO levels were not 
significantly different among smoking policies for only the 
open office areas (Table 3). Partial correlation analysis 
showed that CO and CO 2 were positively correlated (r * 

0.26, p = 0 . 0011 ). 

There were no significant effects of smoking policy oc 
CC^, temperature, relative humidity, or illumination, but 
analysis of only the spatially restricted smoking policies 
showed higher levels of CC^ (Fj 8g *= 5.89, p « 0.0173) 
and lower levels of illumination (F l ss =«= 4.02, p « 
0.0481) in the smoking areas (Table 2).’ Partial correlation 
analysis showed that relative humidity was positively 
correlated with formaldehyde (r = 0.23, p = 0.0050) and 
with CC^ (r * 0.33, p 0.0001) bu' negatively correlated 
with temperature (r * —0.17, p = 0.0341). 

Effects of Prohibiting Smoking 
versus Allowing Smoking on Indoor 
Environmental Conditions 

To test the effects of prohibiting smoking versus 
allowing smoking on environmental conditions, we com¬ 
pared the data for the SP and RWS smoking policies (in SP 
buildings, there was no smoking, and in RWS buildings, 
smoking could occur at any desk). No significant differenc¬ 
es between the SP and RWS smoking policies were found 
in levels of CO, CC^, metered RSP, formaldehyde, illumi¬ 
nation, temperature, or relative humidity, but UVPM levels 
were higher for the RWS smoking policy (Fi *-> = 38.75, 
p - 0.0001; Table 3). ‘ 

Effects of Smoking Policy 
on the Sick Building Syndrome 

Symptoms that had been experienced at least once in 
the month prior to the questionnaire survey and that were 
alleviated wben away from the building were categorized as 
work-related SBS symptoms (Table 4 ). The adjusted 
average number of SBS symptoms per worker in each 
building, termed the building sichiess score (BSS), was 
calculated . 4 For the 27 buildings there was a marginal 

4 The mean value wu statistically adjusted for the effects of the 
experimental design variables. 
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TABLE 3 

Indoor Environment Conditions for Open Office Areas of Each Smok 



SP 


RSV 


RF 


RNT 


CO (ppm)* 

0.1 [0 00, 0.6] 

0.3 [0,0, 3.2] 

0.2 [0 0. 1 1] 

0 4 [0 1, 3.2] 

C02 (ppm)* 

561 [483,651] 

573 [477 , 687] 

673 [5d0. 781] 

598 [508, 704] 

Formaldehyde (ppm)* 

0.01 [0.007, 0.029] 

0.02 [0,008, 0.041] 

0 02 [0 009, 0 033] 

j 

0 05 [0 023, 0 100] 

RSP pg/m 3 

14.8 ± 7.6 

11.9 ± 9.3 

29.5 ± 7.6 

15.8 ± 8.3 

UVPM Otg/m 3 ) 

0.2 ± 2.2 

3.2 ± 2.7 

11.0 ± 2.2 

5.8 ± 2,4 

Nicotine Og/m 3 ) 

— 

6.90 ± 3.0 

20,8 ± 2.4 

3.8 ± 2.6 

Temperature (*C) 

23.9 ± 0.4 

24.4 ± 0.5 

24 0 ± 0 4 

23.7 i 0.4 

Temperature (*F) 

75.0 ± 0.7 

75.9 ± 0.9 

75.2 ±04 

74.7 ±07 

RH (%) 

29.7 ± 3.6 

34.6 ± 4 4 

33.3 ± 3.6 

28.4 ± 3.9 

Illumination (fc) 

43.9 ± 5 8 

50.6 ± 7.0 

00 

n 

00 

* 

58.5 ± 6.3 

Illumination (lux) 

472 4 ± 62.4 

5-44 5 ± 75.3 

518 6 ± 62 4 

629 5 ± 67.8 


573 [493, 664] 

0 01 [0 007, 0 019] 


22.6 ± 7.6 


10,2 ±22 9 


2 4 ± 0 5 


23.6 ±04 


74.5 ±07 


35 9 ±36 


52.5 ±5.8 


564 9 ± 62 4 


Means btektransformed from natural logarithm scale; backtransformed 95% confidence limits shown in square brackets 
• Nicotine only measured in separately ventilated smoking areas 


Symplons 


Excessive mental fatigue 
Headache across forehead 
Dry eyes 

ir ri t at e d , tore eyes 
Nervousness, irritability 
Unusual tiredness, lethargy 
Stuffy, congested nose 
Sore, irritated throat 
Runny nose 

a * 


Dry skin 


Wheezing, chest tightness 

Nausea 

Skin irritation, rashes 


TABLE 4 
Par can tape Pravalanca of 


Neter 


55.6 
61.1 
60.9 
60.0 
63 5 

67.7 

70.8 

76 5 ! 

80.5 

84.2 

54.3 
89.0 

91.5 

91.8 

95.4 


SBS Symptons 


1-3 Times fMoath 


22.9 
22.3 

14.5 

16.5 
22.7 

19.6 

11.9 
14.2 
11.1 

9,8 


8.6 

5.8 

6.9 
3.1 



1*3 TimesfWeek Etctt Diy 

* w 


3,5 
1.7 
12.2 
14.0 

4.1 

4,4 
a n 


9.1 


5.1 


4.1 


1.8 

1.1 





1.8 


0.4 




0.8 















effect of smoking policy on BSS (F 4<2 2 s 2.62, p ~ 
0.0627), and the BSS wjls slightly higher for the SP policy 
(4.71 ±0.41) than for other policies (RSV * 3.83 ±0.51; 
RF = 3.04 ±0.41; RNT « 3.46 ±0.45; RWS - 3.16 
±0.41). There was no significant effect of smoking status 
on the BSS. 


DISCUSSION 

There were consistent differences in indoor air quality 
among the five smoking policies, but the magnitude of the 
differences was small, and this agrees with results reported 
by Sterling et al. (1987). Nicotine was present in the air in 
buildings that allowed smoking but not in the smoking- 
prohibited buildings. From the nicotine levels shown in 
Table 3, a nonsmoking office worker in the open offices 
who does not spend time in designated smoking areas on 
average may be exposed to the nicotine content of about 3 
cigarettes per year for the RWS smoking policy, about 5 
cigarettes per year for the RNT smoking policy, about 9 
cigarettes per year for the RSV smoking policy, and about 
26 cigarettes per year for the RF smoking policy. Whether 
the estimated exposures as equivalent cigarettes smoked per 
year are of significance from a health perspective is beyond 
the scope of this paper. 

UVPM appears to be a measure of particulates from 
ETS and levels were correlated with nicotine levels. As 
expected, UVPM levels were lower for the SP policy than 
for other smoking policies. However, the amount of 
particulate material was small, and UVPM did not correlate 
with the BSS. Interestingly, the highest concentrations of 
pollutants from ETS (nicotine and UVPM) were found in 
the smoking areas served by local air filters (electrostatic 
filters). We cannot explain this finding other than to 
suppose that these devices may have acted as sinks releasing 
pollutants back into the air or may have been poorly main¬ 
tained or malfunctioning. 

Formaldehyde levels were higher in smoking areas than 
in nonsmoking areas in the spatially restricted smoking 
policies, but when only office areas were compared, there 
was no significant difference in formaldehyde levels among 
smoking policies. This suggests that the formaldehyde 
measured in the office areas may have been that offgassed 
by the building materials and furnishings rather than that 
produced by cigarette smoking. Formaldehyde was not 
correlated with the BSS. 

There was little variation in thermal conditions among 
the buildings, and although some studies have reported 


Thia is calculated by assuming that a fully burned cigarette 
releases 820 of nicotine into the air and an office worker has 
normal breathing volume of .516 m 3 /hr. The nicotine available to 
each worker for each hour is calculated by multiplying the 
measured air concentration by the breathing volume To calculate 
the hourly cigarette equivalent, this value is divided by the 
nicotine released by a cigarette. The annual value is calculated by 
multiplying the hourly cigarette equivalent by an 8-hour workday 
and 250 workdays per year. 


correlations between air temperature and SBS complaints 
(Jaakkola et al. 1989; Skov et al. 1987) and our interim 
results showed a similar trend (Hedge et al. 1991), tempera- 
ture was not significantly associated with the BSS. Similar¬ 
ly, although low relative humidity has been suspected as a 
cause of SBS symptoms, it did not correlate with the BSS 
Illumination level did not correlate with the BSS. Levels of 
C0 2 can be used as general indicators of ventilation rate, 
but C0 2 did Dot correlate with the BSS and this result 
agrees with other findings (Hodgson and Co 11 opy 1989) 

There is no agreed definition of a “sick” building, but 
Raw et al. (1990) have suggested that this term should 
apply to any building with a BSS greater than two (i.e., 
more than two SBS symptoms per worker 00 average). By 
this definition, roost of the buildings we surveyed were 
“sick” buildings, even though indoor air quality measure* 
generally fell we]] below those contained in the ASHRAE 
standard (ASHRAE 1989), and most building managers 
were unaware of any SBS problems m their buildings prior 
to our study. Analysis of the BSS data did show- a marginal¬ 
ly significant smoking policy effect, but this was the 
opposite of that expected if ETS is a prime cause of the rick 
building syndrome: the BSS was slightly higher for the SP 
policy than for other restrictive smoking policies. We do 
not interpret this as indicating that prohibiting smoking 
causes the sick building syndrome but rather that indoor air 
quality factors other than ETS may exert significant 
influences on sick building syndrome reports. That pollut¬ 
ants specifically associated with ETS do not correlate with 
reports of sick building syndrome symptoms agrees with 
results reported by Hodgson et al. (1991), who found that 
smoking density was not a significant predictor of rick 
buildmg syndrome symptoms. Our results, however, 
disagree with those reported by Robertson et al. (1988), and 
this may be because their definition of sick building 
syndrome symptoms (more than two occurrences in the past 
year) was less stringent than our definition (at least ooe 
episode during the previous month). It is also possible that 
exposure levels were different between the studies (a direct 
comparison of findings is precluded because, in the study 
by Robertson et al., passive smoking was confounded with 
type of office accommodation and ETS was not measured). 
SBS symptoms appear to be more strongly affected by a 
variety of occupational and personal factors (Hedge et al. 
1992) than the small differences in indoor air quality among 
the smoking policies. 

CONCLUSIONS 

Apart from nicotine and respirable particulates as 
measured by UVPM, nonsmoking workers in the office 
areas in restricted smoking policies were not exposed to 
significantly greater indoor air pollution than workers in the 
smoking-prohibited policy. If, however, nonsmoking 
workers were to spend considerable time in the smoking 
areas in the spatially restricted policies, then our results 
show' that they would be exposed to higher concentrations 
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of pollutants from ETS thin workers in the smoking- 
prohibited policy. These findings do not necessarily mean 
that a nonsmoking worker in the immediate vicinity of a 
burning cigarette in an office will not report irritation 
symptoms caused by involuntary ETS exposure, but they do 
suggest that if such episodes of irritation are taking place 
the symptoms experienced are not synonymous with those 
of the sick building syndrome. The results also suggest that 
constant-air-volume or vanable-air-volume ventilation 
systems can provide sufficient ventilation to satisfactorily 
dilute the air pollutants produced by the levels of smoking 
activity we observed among several alternative restrictive 
smoking policies without necessarily jeopardizing overall 
office indoor air quality or increasing reports of the sick 
building syndrome among nonsmoking workers. 
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Environmental Tobacco Smoke 
Concentrations in No-Smoking and 
Smoking Sections of Restaurants 



To characterize the effective¬ 
ness of a local ordinance that restricts 
smoking in restaurants to one third of 
the searing are a/this study made si¬ 
multaneous measurements of two 
markers of environmental tobacco 
smoke, respirable suspended parti¬ 
cles and nicotine, in the smoking and 
no-smoking sections of seven restau¬ 
rants. The mean concentrations of re¬ 
spirable suspended particles and nic¬ 
otine were 40 T and 659e lower, 

respectively, in the Dosmoking than 
in the smoking sections, indicating 
substantial but not complete pTCKec- 
lion against exposure. (Am J Public 
Health. 1993;S5:1539-134J) 


William E. Lambert, PhD, Jonathan M. Samet, MD, and 
John D. Spengler, PhD 


Introduction 

Although ordinances and policies es¬ 
tablishing no-smoking seating areas inside 
public and commercial buildings are de¬ 
signed to protea indoor air from contam¬ 
ination, there have been few published re¬ 
ports comparing levels of environmental 
tobacco smoke in no-smoking and smok¬ 
ing areas. To characterize the effective¬ 
ness of a regulation separating smokers 
from nonsmokers in restaurants, we mea¬ 
sured concentrations of respirable parti¬ 
cles and nicotine simultaneously in the 

W 

smoking and no-smoking areas of seven 
restaurants in Albuquerque, NM. Each of 
the restaurants was in compliance with the 
city ordinance restricting smoking to one 
third of the total indoor seating. Under the 
Albuquerque Clean Indoor Air Ordi¬ 
nance, 1 there can be no more than two 
areas designated for smokers; however, 
ail restaurants participating in this moni¬ 
toring study had established a single area 
for smokers. 

Methods 

The idea for the study originated in 
discussions with two local television news 
journalists who were preparing a story on 
the ordinance. During May and June 1989, 
the journalists obtained permission to 
monitor the air in the no-smoking and 
smoking seating areas of seven .Albuquer¬ 
que restaurants. The seating capacity of 
each of the restaurants exceeded 100. No 
restaurant operator refused their request 
for access, although several of the opera¬ 
tors indicated that they were not In favor 
of the smoking ordinance. 

A mass-flow controlled pump w-as 
used to sample respirable panicles and 
nicotine vapor. Panicles and aerosols of 
less than 2.5 p.m aerodynamic diameter 
w-erc colleaed with Lmpaaors operating at 
a flow’ rate of 4 L per minute. 2 Particle 
mass deposited on taredTcfion membrane 
Alters (2.0 p.m pore size) was determined 
with a Cahn 21 Electro Balance (Cahn In¬ 
struments Inc, Cerritos, Calif) after equD- 
ibration in a temperature- and humidirv- 


controlled room. After the air stream 

t 

passed through the panicle filter, nicotine 
vapor w*as colleaed on sodium bisulfate- 
treated glass fiber filters (Mfflipore Corp, 
Bedford, Mass). A modification of the 
method described by Hammond and co- 
workers 3 was used to extract nicotine 
from the filter; the extracted nicotine w'as 
quantified by fiamc ionization gas chro¬ 
matography (Model GC7A, Shimadru 
Inc, Columbia, Md). 

The journalists, with assistance from 
the authors, placed the monitors at the 
sites. Each restaurant w-as sampled on 2 
consecutive days from 11:00 am to 11:00 
PM. Because of concerns about the meth¬ 
od’s limit of detcaion and sensitivity, the 
samples were collected across two 12- 
hour periods without changing filters. 
Therefore, the respirable suspended par¬ 
ticle and nicotine measurements represent 
two 12-hour integrated samples and cover 
two luncheon and rwo dinner periods. The 
no-smoking and smoking scaions w-cre 
sampled simultaneously. In aH but two lo¬ 
cations, the impactor heads w-ere placed in 
the middle of the no-smoking and smoking 
seating areas, 90 to ISO cm (3 to 6 ft) above 
the floor, to be within the usual breathing 
zone of the patrons. The two exceptions to 
this placement protocol w-cre restaurant l, 
where the sampler in the smoking section 
was placed on an overhead beam 300 cm 
(10 ft) above the floor, and the no-smoking 
section of restaurant 3, where the impac-- 
tor head was placed 60 cm (2 ft) above the 
floor. The impaaor heads were not placed 
on the tops of tables w’here the customers, 
were served; rather, they were placed or. 
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fsyS SWOKIWC SCCTlOw r^N NCWSWOKIWC SCCH9* 

FIGURE 1—Mean concentration* of respirable suspended particulate matter In the 

smoking and nonsmoking sections of seven Albuquerque, NM, 
restaurants. 
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FIGURE 2—Mean concentrations of nicotine In the smoking and no-amokJng sections 

of seven AJboquerque, NM, rertaurarrtx. 
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other furniture or on countertops available 
in the seating area. An attempt was made 
to place the samplers in locations where 
they would not be obvious to patrons, and 
the restaurant managers were instructed 
not to call them to the attention of their 
customers. 

Other than to place the samplers in 
the middle of the do- smoking and smoking 
sections, no attempt was made to charac¬ 
terize the relation of the sampler locations 
to the layout of the seating areas or to 
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monitor the number of restaurant patrons 
or the tobacco smoking activity. 


Tnc integrated measurements of re¬ 
spirable suspended paniculate matter and 
nicotine for the no-smoking and smoking 
areas of restaurants are presented in Fig¬ 
ures 3 and 2. In the no smoking areas of 
restaurants, respirable suspended panicle 


levels ranged from 20.7 to 69.0 u-g/m 3 , 
with a median of 27 .S p-gAn 3 (Figure 3). In 
the smoking ajeas, respirable suspended 
panicle levels ranged from 23.7 to 333 .0 
pgto 3 , with a median of 53.2 p-g^Vn 3 . In six 
of the seven restaurants, respirable sus¬ 
pended panicle levels were lower in the 
nosmoking areas than in the smoking ar¬ 
eas (Wilcoxon paired sample test, 
P * .03). The median difference was 18.6 
p£-Tn\ The Spearman rank correlation of 
respirable suspended particle concentra¬ 
tions in nosmoking and smoking areas 
was .75. 

Nicotine concentrations ranged from 
0.2 to 2.8 p-gTn 3 , with a median of 3.0 
pgto 3 , in nosmoking areas and from 1.5 
to 3.S p-gTn 3 , with a median of 3.2 p.g'm\ 
in smoking areas (Figure 2). Relative to 
the smoking areas, nicotine levels were 
lower in the nosmoking areas in each of 
the restaurants (WQcoxon paired sample 
test,/* * .02). The median difference was 
2.2 pg / m 3 .The Spearman rank correlation 
of nicotine concentrations in no smoking 
and smoking areas was .45. 

Considerable variation in respirable 
suspended panicle concentrations was 
observed among both the no-smoking and 
smoking sections of the restaurants. In 
some restaurants, the concentrations of 
this marker for environmental tobacco 
smoke were higher in the no-smoking sec¬ 
tions than in the smoking sections of other 
restaurants. For example, the respirable 
suspended particle concentrations in the 
no-smoking sections of restaurants 1 
through 3 ranged from 53.9 to 69.0 p.g'nr\ 
which was higher than the concentrations 
observed in the smoking sections of res¬ 
taurants 4 through 7, which ranged from 
23.7to53.2 pgm 3 (Figure 3). Nicotine lev- 
els in these restaurants did not follow the 
same trend (Figure 2), suggesting that 
sources of respirable suspended particles 
other than cigarette smoke may be present 
in restaurants 3 through 3. We noted that 
in two of these three restaurants, flame 
servers were used to prepare and warm, 
food at tableside. In one restaurant (res¬ 
taurant 6), nicotine concentrations in the 
no-smoking section approached or ex¬ 
ceeded the levels measured in the smoking 
sections of other restaurants. At this res¬ 
taurant, the sampler in the no smoking 

section was within 750 cm (25 ft) of an area 
where waiters and waitresses smoked. 


Results 


Discussion 

Environmental tobacco smoke is 
composed of the sidestream smoke from 
smoldering cigarettes, cigars, and pi?'* 
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and the exhaled portion of mainstream 
smoke. It is a complex mixrure of aerosols 
and vapors and hundreds of chemical 
compounds. Two markers, respirable sus¬ 
pended panicles and nicotine, have been 
used frequently to quantify environmental 
tobacco smoke concentrations. 0 Respi¬ 
rable panicles are classified as paniculate 
maner of less than 2 .5 jam aerodynamic 
diameter. Panicles of this size range are 
too small to be filtered out by the upper 
respiratory tract and may be inhaled into 
the lung. In indoor environments in the 
United States, a major source of respira¬ 
ble suspended particles is cigarette 
smoke. 6 In restaurants, cooking opera¬ 
tions may represent another prominent 
source of respirable suspended panicles. 
Nicotine occurs in the vapor phase of en¬ 
vironmental tobacco smoke and is a highly 
specific marker of tobacco smoke. 0 

Our measurements of respirable sus¬ 
pended panicles and nicotine in restau¬ 
rants indicate that confining tobacco 
smoking to designated seating sections is 
an effective wav to reduce, although not to 
eliminate, the exposures of nonsmokers. 
The partem of consistently lower lev-els of 
respirable suspended panicles and nico¬ 
tine in the no-smoking relative to the 
smoking areas indicates that the. Albu¬ 
querque ordinance can be effective in res¬ 
taurants, regardless of how- the individual 
restaurant management may choose to 
implement the policy. The greatest 
protection was afforded by seating ar¬ 
rangements in w-hich a wall or panition 
physically segregated smokers from non- 
smokers (Figures 1 and 2: restaurant 2). 
But even for floor plans that basically in¬ 
volved one large room (e.g., restaurant 4), 
substantial protection of the air of non- 
smokers was still observed. 

To date, the available information 
comparing concentrations of environmen¬ 
tal tobacco smoke components in smok¬ 
ing and no-smoking areas is limited. Re¬ 
pace and Lowrey 7 used a piezoelectric 
balance to characterize the ranges of re¬ 
spirable suspended panicle concentra¬ 
tions in various indoor environments, in¬ 
cluding the smoking and no-smoking areas 
of two sandwich restaurants. In one res¬ 
taurant at lunchtime, respirable sus¬ 
pended panicle concentrations in smok¬ 
ing and no-smoking areas averaged S6 and 
51 ug ; m 3 , respectively. In a second res¬ 
taurant in the evening, respirable sus¬ 
pended particle concentrations in the 
smoking and no-smoking areas averaged 
110 and 55 ug'm 3 , respectively. These 
concentrations arc comparable to our 
findings. 


Another study* compared carbon 
monoxide concentrations in the no-smok¬ 
ing and smoking sections of a bingo game 
room. Similar levels of carbon monoxide, 
approximately 10 ppm, were measured in 
the two sections. Nonsmoking subjects 
who sat in the no-smoking and smoking 
sections for 5 hours hac similar carbon 
monoxide concentrations in end-expired 
breath samples. However, the conditions 
in this particular setting, a large single 
room in which only’ 209c of the seating was 
designated as no-smoking, differ consid¬ 
erably from those in the restaurants sam¬ 
pled in our study. In the bingo game room, 
nonsmokers appear to have been placed 
close to smokers, so that the protective 
effect of separation was lost. 

It is important to recognize that the 
reduction of environmental tobacco 
smoke concentrations we observed in no¬ 
smoking as compared with smoking sec¬ 
tions, although substantial, was not com¬ 
plete. In fact, concentrations of nicotine 
were as high in no-smoking sections of 
some restaurants as in smoking sections of 
others. Thus, people who sit in no-smok¬ 
ing sections are still exposed to respirable 
panicles and nicotine vapor generated by 
smoking and to the other components of 
environmental tobacco smoke that co¬ 
occur with these species. Furthermore, 
restaurant employees, who spend longer 
periods of time in restaurants than do the 
patrons, will still be exposed to environ¬ 
mental tobacco smoke in no-smoking ar¬ 
eas. These findings arc consistent with the 
conclusion of the 19S6 report of the US 
surgeon general that “the simple separa¬ 
tion of smokers and nonsmokers may re¬ 
duce, but does not eliminate, the exposure 
of nonsmokers to environmental tobacco 
smoke.’’ 5 

The measurements made in this 
study were included in a television news 
story that also contained descriptions of 
the experiences of other cities that have 
restricted smoking and the potential Im¬ 
pacts of environmental tobacco smoke on 
health. In addition, the results were pre¬ 
sented at a public hearing in November 
1989 on renewal of the dry ordinance, 
where the dry council used the findings in 
evaluating the efficacy of the regulation. 
The council voted to maintain, and not to 
lower, the two thirds to one third ratio for 
restaurant seating, and the ordinance was 
renewed without time limits. 

The regulations restricting smoking 
inside public buildings are intended to re¬ 
duce the exposures of no-smoking people 
to environmental tobacco smoke, a rec¬ 
ognized carcinogen and irritant. 5 The Al¬ 


buquerque Dean Indoor Air Ordinance is 
similar to regulations currently in effect in 
approximately 490 other cities and coun¬ 
ties in the United States.* In general, 
these ordinances, like the one in Albu¬ 
querque, have been implemented with 
few problems and at very little cost to 
local governments, and they are strongly 
supported by public opinion. 5 While 
these types of ordinances do not proside 
perfect protection, our measurements in¬ 
dicate that people sitting in the no-smok¬ 
ing areas of restaurants are exposed to 
substantially lower concentrations of en¬ 
vironmental tobacco smoke than those in 
smoking areas. A systematic monitoring 
survey of a representative sample of pub¬ 
lic places is necessary for a comprehen¬ 
sive evaluation of the policy of establish¬ 
ing no-smoking and smoking areas in 
public buildings. □ 
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ABSTRACT 

The purpose of this study was to compare 

the well-being, saiivarv cotim’ne levels and 

*- • 

environmental characteristics of office build¬ 
ing workers and their workplace before and 
after the introduction of a smoking ban. i he 
results showed that one year following the 
ban, there was an ambiguous change in 
symptom reporting, a trend towards reduced 
salivary cotini.nc levels, and an improvement 
in measured but not in perceived environ¬ 
mental quality’. 

A B R E G E 


Le but dc certc crude etait de comparer le 
bien-etre. les nivcauN dc cotinine saliva ire ct 
les caracttristiques environnementalcs des 
personnes qui travail lent dans des bureaux ct 
de leur lieu de travail en general avant et 
apre-s 1’introduction de I’interdiction de 
fume:. Les resuhats ont permis de constater, 
un an antes l'interdiction. un chansement 

4 w 

ambipj relaiif au.\ symptomes rappones, unc 
tendance a la reduction des niveau* de coti¬ 
nine saiivaire et une amelioration mesurable 
mats non percevabie de la qualite de 1'cnvi- 
ronnement. 


♦ 


Environment and Well-being Before 
and Following Smoking Ban in 
Office Buildings 

Irvin Bvoder, MD, 1 Charles Pilgcr, Paul Corey, PhD ' 


Environmental tobacco smoke (ETS) is 
suspected of contributing to building- 
related adverse health effects. 1 This is plausi¬ 
ble in view of its odour and irritant effects.' 

There have been several studies of the 
effects of ETS on orfice building workers. 
One showed that discomfort and decreased 
well-being did not vary with whether the 
work stations of start members were locat¬ 
ed in smoking or in non-smoking areas. 3 
Another demonstrated that a building 

W 

where smoking was permitted had higher 

w ^ 

particulate levels, and both less favourable 
perceptions or the work environment and a 
higher prevalence of mental fatigue among 
the employees, than in a no-smoking 
building.” In two other studies, a smoking 
ban was- followed bv a reduction in envi- 
ronmental nicotine and particulate levels. 

j 

and a perception of improved air qualinv 
The purpose of the following study was 
to further explore the possible adverse 
effects of ETS in office buildings, before 

W 

and after the introduction of a smoking 
ban. 

METHODS 


The study was performed in three public 
sector, non-probiem buildings. The pre¬ 
smoking ban survev was carried out in 
March 19S9 and the post-ban survey in 
March 1990. The ban came into effect on 
April 1. 1 9S9. 
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» % 

Ontario Ministn of Labour 


The indoor environment was monitored 
in eight to 12 sectors of each floor, on a 
morning and afternoon during the same 
period as the employees were evaluated. 
The variables measured were temperature 
and humidirv (Jenwav micropsvchrome- 

• ^ # 4 » 

ter): particulates (Ham aerosol meter): car¬ 
bon monoxide (International Scientific 
electrochemical merer!: and carbon dioxide 
(ADC infrared analyzer). The concentra¬ 
tion of ionizable substances was estimated 
using an HNU photoionization detector 
calibrated against an aliphatic hydrocarbon 
mixture (isoparaffin): volatile organic com¬ 
pounds are the most prevalent air pollu¬ 
tants in office building air detected by this 
method. 


The srudv procedures were apcroN'ed bv 

• » i i * • 

an ethics committee of the Office of 

Research Administration of the University 

* 

of Toronto. The estimated participation 
rate was about 20°o of those employees 

S a 

who received an information package that 
was distributed in the buildings. 

v 

Considerations of bias are dealt with in the 
Results and Discussion sections and in 
Table V]. 

The Questionnaire collected demography 
# « 

ic information, details of smoking and 
ETS exposure, the level of satisfaction with 


eight features of the work environment, 
and the presence or absence of 15 svmp- 

r • * 

toms and whether they occurred at work 
and/or at home. Other details or well¬ 
being included illness days, doctor visits 
and medication use during the previous 


vear. 

The participants also maintained a chary 

of nine or the Questionnaire symptoms in 

the mornings and anernoons o: seven con- 

secutive davs. 

♦ 

Salivarv cotinine was assayed using an 

« t w 

enzvmt-iinked. double antibody method. 


o 

CT* 


oo 

iO 





• » 
i \ 


\ 


M " 12 / ’ • v * * » s i • • v v * • - 

> L i: Lta -Olr.NNr. 


v\NTK I’l'HLiQlT. 


OLUV.K s-j. NO 



oo 

co 


CM 


https://* 


lustrydocuments 



LNVIRONMKNT. W i i i.-BhlNG AND s.MOKING BAN 


Age Yr 


1 989 

41.6 

Female 


60 6% 

Smoke 

Never 

21.5% 


Never + Passive 

35.6% 


Ex 

10.4% 


Ex -r Passive 

20.0% 


Current 

12.6% 

Cig / Dav Smoked n= 

= 13" 

20.7 

Other Cig/Dav 

VVork c 

6.0 

Home 

-> 7 


Elsewhere 

2.2 

No. Colds/Yr* 


1.9 

Illness Davs 


4,4 

Phvsician VisitsA'r 

k 


3.3 

— 

Take Medications 


21.1% 


TABLE I 

Characteristics of Subjects (N=1 37) 


l989 1990 

41.6 42.6 

60 6% 60.6% 

21.5% 39.3% 

+ Passive 35.6% 17.8% 

10.4% 23.0% 

assive 20.0% / .4% 

U 12.6% 12.6% 

20.7 18.5 


0.1 

1.6 

1.8 

1,8 

4.5 


P° 

n.d 

n.d 


0.0001 


0.0001 

0.03 


sician Visits Vr 3.3 3.1 

e Medications 21.1% 24.1% 


The statistical procedures utilized were paired t tests and paired categorical data analysis (cat- 
mod,: p values are shown on!\ when equal to or less than 0.05. 

Average number oi cigarettes smoked per day is given for subjects who were current smokers in 
both survevs. 

Average number oi cigarettes smoked per day by others in vicinity of subject while at work. 
Number of colds, illness days, physician visits and use of medications apply to the preceding 
vear. 


TABLE 111 

Salivary Cotinine (N=13 

7)* 


1989 

1990 

Mean r;g nil 

6.54 

4.98 

Minimum Value = 0 

72.3% 

81.8% 

Minimum >0 r.g'ml 

0.5 

0.2 

Maximum ng'mi 

96.0 

80.5 

By Smoke Non 

0.05 

0.21 

No**- Passive 

0.29 

0,04 

Ex 

4.79 

1.94 

Ex-*-Passive 

3.17 

Q.O 

Current 

42.62 

31.62 


Paired t tests were utilized to compare the 

means across the two vears for the total 

■ 

group and the smoking category subsets. 
There were no significant differences. 


The principal reagents (monoclonal anti¬ 
body and polv-L-lysine bound cotinine) 
were generously provided by John J . 
Lancone. PhD, B a v 1 o r Collece of 

W • % 

Medicine. Houston. Texas. 

The statistical analysis was performed 

usinc SAS. 



ri 



TABLE II 

Symptom Frequencies (N=137) 


RESULTS 




1939 

1990 

p* 

Cough 

Yes b 

14.6% 

12.4% 

• 

Di 22 v 

# 

Yes 

18.2% 

10.9% . 

• 

Eye Irritation 

Yes 

44.5% 

37.2% 



Home 

13.3% 

14.6% 



Work 

43.8% 

34.3% 

0.02 

Headache 

Yes 

35.8% 

24,1 % 

0.007 


Home 

9.5% 

10.2% 

♦ 


Work 

33.6% 

24.1% 

0.01 

Nasal Irritation 

Yes 

61.3% 

53.3% 

• 

Skin Problem 

Yes 

46.7% 

4 2.3% 


Sleepy _ 

Yes 

51.1% 

38.7% 

% 

Short of Breath 

Yes 

11.6% 

10.9% 

• 

Sputum 

Yes 

7.2% 

10.2% 

• 

Stomach Problem 

Yes 

15.3% 

12.4% 

• 

Stress 

Yes 

53.2% 

45.2% 


Throat Irritation 

Yes 

34.3% 

29.2% 

• 

Tire 

Yes 

31.4% 

30.7% 

♦ 

SUM SYMPT 

Yes* 

4.3 

3.6 

0.0006 


Home 

1.9 

1.7 

• 


Work 

4.0 

3.5 

0.03 

DIARY SUM 

Wkend 

1.0 

1.4 



Wkdo* 

1.6 

1.7 

• 


The statistical procedures utilized were paired ; tests and the McNemar test of paired propor¬ 
tions; p values are shown only when equal to or less than 0.05. 

The frequencies listed for a given symptom derived from the questionnaire, represent the per¬ 
centage of subjects who answered affirmatively to a symptom being pre>ent, and who reported 
that the symptom occurred respectively at home, or at work. Or.lv the frequency for the yes 
variable is shown when there is no significant change in a given symptom between the two 
years in the ves, home or work variable. The diarv results are shown onk as the aggregate vari¬ 
able for weekend davs and work davs. 

• ^ 

SUM SYMPT is based on the questionnaire and represents average number of symptoms per 
subject respectively reported ves. at home or at work. 

DIARY SUM expresses the diarv results as average sum of proportions of half-days per subject 
during w-hich all symptoms are reported on weekend days or work cays. 


The following results are based on 13” 
workers who participated in both surveys, 
out of the starting population of 1 “9 sub¬ 
jects. The percentage of current smokers is 
unchanged between the two survevs. but 
there is a significant decrease in the pro¬ 
portion who report exposure to ETS, 
explained mainly by a reduction in expo¬ 
sure at work (Table 1). 

There is a significant decrease in several 
symptom variables between the question¬ 
naires of the first and second survevs, but 
not in the diaries (Table II). These find¬ 
ings are similar whether based on the total 
population, only those who completed the 
diaries, or onlv those who did not smoke. 

The mean cotinine level is 6.54 ng-'ml in 
the first survey and 4.9S ng/ml in the sec¬ 
ond. but this chance is not statistically sic- 

nificant even when analyzed usinc the 

* 

Wilcoxon sign rank test (Table Illy. The 
salivary cotinine levels are positively associ¬ 
ated with current smoking (r= 0.5”: p = 
0.0001): with the number of smoked ciga¬ 
rettes to which the subjects reported being 
passively exposed at work (r= 0.25; 

0.003). at home (r = 0.22; p= 0.009) o r^ 
elsewhere (r= 0.26: p= 0.003): and with^jr? 
the measured level or exposure to parricu-»LI 
lates at work (r= 0.22; p= 0.01). BetwcenQO 


JULY - AUGUST i 993 


CANADIAN JOURNAL Or PUBLIC HEALTH 255 


QO 


rydocuments.ucsf.edu/docs/hkbi 0000 





ENVIRONMENT. WELL-BEING AND SMOKING RAN 


the nvo surveys, there is a high correlation 

* *- 

of the salivary cotinine level within subjects 
(r=0.7; p=0.0001). At the second survey* 
significant correlations with salivan’ coti- 
nine arc seen onlv with current smoking 

- w 

and number of smoked cigarettes to which 

W 

the subjects are exposed at home or else¬ 
where. 

The level of light, glare and noise is con- 
sidered to be satisfactory by a majorin’ of 
workers at the first survev. and that of air 
movement and freshness unsatisfactory 

9 

(Table IV). The perception of humidity, 
odour and temperature are approximately 
balanced between favourable and 
unfavourable. At the second survev, there 

r 

is a significant change only in the percep¬ 
tion of temperature (Table IV). 
Perceptions about the environment are not 
associated with smoking status at either 
survev. 

Generally, the temperature. CO. CO ; 
and particulates levels are within accepted 
levels (Table Y). i ? The humidity levels are 
low. The mean level of ionizable sub¬ 
stances (likeh 1 volatile organic compounds) 
is at the upper end of the accepted range. 
There is a significant reduction in ionizable 
substances, temperature and carbon diox¬ 
ide at the second survey (Table Y). 

A comparison is made between the 19S9 
characteristics of those subjects who partic¬ 
ipated in both surveys, and those who were 
in the first survey but not in the second 
(Table VI): and also between the ] 990 
characteristics of those subjects who partic¬ 
ipated in both surveys. and an additional 
group of 322 subjects representing 30°c of 
the workers from the same buildings who 
did not participate in the 1989 survey but 
agreed to complete the Questionnaire in 
1990 (Table VI). Both comparisons 
demonstrate several significant differences 

W 

between participants and non-participants, 
suggesting that the studv group could vjeid 

• W A » 

an underestimate of the true level of 
building-related discomfort. 

DISCUSSION 


Other findings suggest that the study 
population is a relatively typical one. Their 
frequency or symptoms occurring at home, 
along with the number of doctor visits anc 
illness, day; per year are similar to males 



TABLE iV 

Environmental Perceptions (N 

= 137) 



1969 

1990 p- 

Perceived Air Movement Low 

56.9% 

57.7 % 

* 

OK 

37.2% 

33 6 % 


High 

5.8% 

' 8 8 % 

Fresh Air 

Low 

74.5% 

70.8% 


OK 

25.6% 

28.5% 


High 

0.0 

0.7% 

Glare 

No 

63.5% 

65.7% 

Humiditv 

Low 

41.6% 

45.3% 

# 

OK 

53.3% 

46.7% 


High 

5.1% 

8 . 0 % 

Light 

Low' 

3.7% 

5.8% 


OK 

81.8% 

83.9% 


High 

14.6% 

10 . 2 % 

Noise 

Low 

1 .5% 

Q.O 


OK 

78.1% 

82 5% 


High 

20.4% 

1 7.5% 

Odour 

No 

47.4% 

52.5% 

Temperature 

Low- 

15.3% 

8 . 0 % 


OK 

56.2% 

71.5% 0.003 


High 

1 O -O' 

-o.J /O 

on <v 

- .'o 

’ The statistic 

al procedure utilized w 

as paired categorical data 

analysis «catmodi; p \aiues are 

shown onlv 

when equal to or le? s t 

ban C.Q5. 



TABLE V 


Measured Environmental Variables (Each N Approx 690) 




1989 

1990 

P" 

Temperature C C 

Median 

22.5 

22.0 


Mean 

-i -> 7 

22.0 

0.0001 


Minimum 

Ti’i 

14.2 



Maximum 

26.8 

25.1 


Relative Humidity 

# 

Median 

17 % 

20 % 



Mean 

19.7% 

20.5% 

* 


Minimum 

5 % 

11 ‘h. — • 

• 


Maximum 

56 80 

51% ) 


Particulates mg'm’ 

Median 

0.009 

0.009 > . 

V 

Mean 

0,023 

0.014 ’ r 


Minimum Value = 0 

3. 1 % 

1 . 6 % , ' 


Minimum >0 

0.001 

0.001 

• 



Maximum 

5.3 

0.32 


Carbon Monoxide ppm 

Mean 

0.003 

0 004 / 

99.9% ; 

ft 


Minimum Value = 0 

99.7% 



Maximum 

1 


Carbon Dioxide ppm 

Median 

490 

480 



Mean 

491 

481 

0,03 


Minimum 

330 

380 c x . 



Maximum 

710 

650 


Volatile Organic 



u 

Compounds mg/’nv 

Median 

1.5 

0.6 

* 

• 


Mean 

1 6 

0.9 

0 000 ~ 


Minimum Value = 0 

23.5% 

27.6°o 



Minimum >0 

0 01 

0.45 



Maximum 

35.9 

27.2 



Paired t tests were utilized for comparing the means across the two years; p values are shown 
onlv. when equal to or less than 0.05. 




and females of comparable age in random 

• 

homes, and in another studv or office 

♦ 

building workers.'* However, the propor¬ 
tion of current smokers in the stucv popu¬ 
lation (Table 1) is lower than expected.* 


This result is not explained either bv work- 

4 

ers having stopped smoking in advance or 


the smoking ban. or bv smokers tending to 

W * ^ 

opt out of the studv. but may represent the 
current realm’ among office workers since 




QO 
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TABLE VI 

Considerations of Bias* 


Repart ic 

Dropout p’’ 

Repartic 

Addition 

P 


1989 

1989 

1990 

1990 


No. of Subjects 

137 

42 

137 

322 


Age 

41.6 

41.2 

42.6 

42.4 

« 

Female 

60.6% 

64.3% 

60.6% 

66.7% 

• 

Smoke 






Never 

21.9% 

28.6% 

40.0% 

44.5% 


Never-r Passive 

35.0% 

22.6% 

1 3.5% 

16.5% 


Ex 

10.2% 

1 7.7% 

n O' 

• 0 

20.3% 

♦ 

Ex«rPassive 

20.4% 

26.3% 

6.7% 

4.2% 


Current 

12.4% 

10.5% 

12.6% 

14.5% 


Other Cig/Dav at Work 

6.0 

4.3 

0.1 

0.2 

• 

Saliv Cotinine 

6.5 

3.4 


NA 


Work Years 

6.3 

5.4 

/ 

8.3 

1 

job Rank Low 

48.9% 

56.1 % 

43.2 

60.5 

0.02 

Comfortable 

80.3% 

64.2% 0.04 

74.5% 

71.7% 


Work Health Complaint 0 

19.7% 

38.1% 0.02 

21.9% 

19.4 % 


Sum Symp 






Home 

1.9 

1.9 

1.7 

1.4 

0.05 

Work 

4.0 

4.5 

3.5 

3.8 

. 

Perceived Air Movement 






Low 

56.9% 

54.8% 

57.7% 

66.5% 

• 

OK 

37.2% 

26.2% 0.03 

33.6% 

26.1% 

• 

Fresh Air 






Low 

74.5% 

76.28b 

70.8% 

32.98b 


OK 

25.6% 

23.8 

28.5% 

16.38b 

0.02 

Light 






Low' 

3.7% 

2.4% 

5.8% 

9.4% 


OK 

81.8% 

83.3% 

83.9% 

72.98b 

0.04 

Measured Humidity 

20.4% 

20.9% 

20.0% 

17.5% 

0.0001 

a Certain minor differences 

occur between columns 1 and 3 

in this table and the data for the 

same groups shown in earlier tables. This is explained on the basis of occasional deletions of 

individual obserx’ations due to the use of paired analysis in 

Tables I - XL 



b The groups within a given vear are com 

Dared by t tests and chi-souare anaKsis. Beyond the ini- 

tial descriptive variables, 

those includec 

are selected on the basis of showing a significant differ- 

ence in any comparison. 






c Percent of subjects who had lodged a work-related health complaint. 




a similar frequency is found in the addi¬ 
tional group of 522 subjects from the same 
buildings (Table M). 

The small decrease in Questionnaire 

A 

symptom reporting observed at the second 
survev (Table II) mav be reiated to the 

4 t 

introduction of the smoking ban. or mav 
be a consequence of surveying the same 
population a second time. An unexplained 
reduction in svmntom reporting also has 

• * r w 

been reported in cwo previous studies of 
re-examined populations. 1- ' : " 

The main environmental impact of the 

A 

smoking ban is a virtual disappearance of 

w A A 

reported exposure to ETS at work (Table 
1). This is not accompanied bv anv chance 

♦ » r W 

in the proportion of current smokers 
among the study participants (Table I). 
and contrasts with a 20 ro 25°o diminu¬ 
tion of current smokers found following a 
smokinc ban in two other studies,' - " but is 
similar to the 4°o decrease reported in a 
third.Our results mav be related to the 

4 

initially low frequency of current smokers 
(Table I). 


The salivarv cotinine levels measured in 

t 

this study are consistent with smoking sta¬ 
tus, number of smoked cicarettes to which 

w 

the subjects were exposed, and particulate 
levels (Table HI and Results section). The 
level found among non- and ex-smokers is 
comparable to that reported in other stud¬ 
ies, although the proportion of zero mea¬ 
surements is hich : "' and the level amonc 
current smokers is lower than in some 
other studies. 1 

The combustion or tobacco is known to 
cenerate volatile orcanic compounds. 2 
Aecordinclv. there is some credibilitv to 

W ♦ 9 

the decreased level or ionizable substances 
found at the second survey (Table V). 
About 4“°o of the measured levels of these 
agents obtained in the first survey and 

V 4 

11 °o at the second, are above the level of 

IT mC‘ ; mh which mav produce irritant 
*. • * 

erfects.'” \X*e found a significant decrease 
in the questionnaire reporting of eye irrita¬ 
tion and headache at work in the second 
survev (Table II). Although a connection 

9 \m 

with the lower levels of volatile organic 


compounds u. plausible, the alternative 
attribution or this decrease to a second 
administration of the questionnaire cannot 
he excluded. 
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Opportunities to achieve health gains through: 

Reform In Thinking... For example: 

research which is linked to practice A rationale for determining priorities 

new information about how to support, promote and sustain health and prevent disease 

Reform in Structure... For example: 

organizational structures A deliver^ models 
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new approaches to communin' involvement, governance and accountability 
Reform in Practice... For example. 

A people, skills and training needed to promote communin’ action and healthier policies 

bow to increase community capacities, how to do more with less, lion- to encourage a * non-service' response 
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INDOOR AIR QUALITY AND ENVIRONMENTAL 
TOBACCO SMOKE: CONCENTRATION AND 
EXPOSURE 


Larry C. Holcomb 

Holcomb Environmental Services, 17375 Garfield Rd., Olivet, Ml 4W76, USA 


El 9109-174 M (Received 10 September 1991; accepted 1 August 1992) 


Environmental tobacco smoke (ETS) is often cited as a key factor in indoor air quality (IAQ) and 
public health. However, there are few studies which attempt to actually calculate the impact ETS 
has on IAQ or the doses of ETS one may receive from possible exposure in a variety of different 
settings. This paper reviews the data on indoor air published since 1980 and estimates the portion 
of various constituents which are produced by ETS. It can be observed that, in most instances, 
ETS has only a minor impact on IAQ. Retained doses of ETS particles are calculated for various 
exposure scenarios using respirable particle concentrations associated with ETS, time activity 
patterns, respiration rates and retention rates. Total doses range from 3-40 mg/y. This dose level 
does not seem to support the summary relative risk of 1.35 that has been claimed from meta¬ 
analyses of epidemiologic studies of spousal smoke exposure and lung cancer. 


INTRODUCTION 

Interest in indoor air quality (IAQ) is steadily 
increasing. The factors which affect IAQ and the 
health effects reportedly associated with it are the 
subject of intense debate. One of the IAQ issues 
which generates the most interest and emotion is 
environmental tobacco smoke (ETS) exposure and 
its reported health effects. ETS exposure has been 
claimed to be associated with health effects as diverse 
as childhood respiratory disease, lung cancer, and 
cardiovascular disease (Repace and Lowrey 1985; 
U.S. Surgeon General 1986; National Research Coun¬ 
cil 1986; Wells 1988; Glantz and Parraley 1991; USEPA 
1990). 

ETS is a complex mixture of many substances, the 
concentrations of which will vary with time, room 
ventilation, and proximity to the source. Since not all 


of its components are removed from the environment 
at the same rate, the concentrations of ETS com¬ 
ponents also vary in relation to each other over time. 
Because of this, it is difficult to accurately determine 
exposure to ETS and, further, whether the health 
claims are realistic in terms of this exposure. . 

Sterling et al, (1982) performed a comprehen¬ 
sive review of components of ETS measured in 
different environments and under different smoking 
conditions. Since that review was completed, there 
have been many changes in both indoor environments 
and analytical methodology. Because of this, a new 
review of the literature pertaining to indoor air quality 
and environmental tobacco smoke is appropriate. 

This study assesses the literature on indoor air 
quality and ETS published since 1980. Using the data 
collected, it also attempts to determine what levels 
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of substances measured indoors may result from the 
presence of ETS and calculates some of the doses 
which may be expected from exposure to ETS. 

INDOOR AIR AND ETS REVIEW 

Methods 

The literature search was restricted to work which 
took place in the U.S. and Canada and was publish¬ 
ed after 1980. There is important IAQ data being 
generated in European and other countries. How¬ 
ever, potential differences in building age, ventila¬ 
tion types, room sizes and other factors may prevent 
data from other countries from being comparable to 
the U.S./Canadian data. This study limited the litera¬ 
ture to the countries where the data were believed to 
be more homogeneous and essentially reviewed the 
literature published since the Sterling et al. (1982) 
review. 

The following indoor air components were chosen 
for evaluation: respirable particulates (RSP); carbon 
monoxide; nicotine; nitrogen dioxide; formaldehyde; 
benzene; polycyclic aromatic hydrocarbons (PAH); 
and nitrosamines. 

When it was obvious that structures and sampling 
protocol for data acquired in countries outside 
North America were similar, it was included with the 
USA/Canada data. In instances where relatively 
little information was available or the data from 
all countries were similar, information from other 
countries also was used. 

The information was recorded in the following 
categories: 

1. Homes—includes single family dwellings and 
apartments. 

2. Offices, workplaces, and public facilities—in¬ 
cludes offices, work sites, schools, universities, 
hospitals, retail stores, museums, libraries, clinics, 
grocery stores, laundromats, and public transporta¬ 
tion stations. 

3. Restaurants 

4. Bars/tavems—includes betting shops, billiard 
parlors, bars, and taverns. 

5. Public transportation—trains, buses, subway, 

and autos. • 

The data were selected from the literature using 
the following criteria: 

If no mean was given, generally, the data were. 
not reported in this document unless there were in¬ 
dividual values given to make it possible to calculate 
a mean. If there were 10 or more samples and a 
median was given, the data were reported. Both 
arithmetic and geometric means are reported. If an 


arithmetic mean was given, it was used in any sub¬ 
sequent calculations. 

If only one value was given (i.e., one sample) 
the data were not used because one sample at one 
point in time is not as representative of conditions as 
several samples at different points of time or for 
longer duration. 

For respirable particulates, if the data were reported 
as total particulate matter (TPM), the data were not 
used. If the sample was PM 5.0 or less, the data were 
reported. 

The data were recorded with a preference for 
gravimetric data on RSPs. When gravimetric, light 
scattering, and piezobalance data were all present, 
the gravimetric data were used. If data from only one 
of these three methods were present, these data were 
used. 

This paper focuses upon the scientific litera¬ 
ture pertaining to the quantification of indoor air 
quality. Hence, the papers reviewed are those that 
have measured levels of substances in indoor air. 
Odor may play a part in the acceptability of indoor 
air to occupants or visitors to any particular en¬ 
vironment, but the evaluation of odor in offices is as 
yet somewhat subjective and poorly quantified. ETS 
clearly may influence odor perception in some 
situations, and the existing scientific literature on 
this matter has been reviewed. Because of both the 
scarcity of data on this issue and the subjectivity of 
the data that do exist, odor has not been considered 
as a v. -ntified element in the data tabulated in this 
report. 

Results 

The results of the literature review on indoor air 
components are in Tables 1-8. Each table is a sum¬ 
mary of one of the components reviewed. Units of 
measurement in the tables are reported the same as 
authors presented them in their studies. Conversion 
factors for ppm (parts per million) and ppb (parts per 
billion) to jig/m 3 are given where appropriate. Tables 
9, 10, and 11 summarize the data for RSPs, CO, and 
nicotine. Nitrogen dioxide, formaldehyde, benzene, 
PAH, and nitrosamine data are summarized in the 
discussions. 

DOSIMETRIC CALCULATIONS 

# 

Methods 

The particle fraction of ETS is the portion on 
which the majority of the health claims concentrate. 
An estimate of the dose of ETS particles that persons 
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Tabic 1. Respirable particles (RSPt) measured under realistic conditions. 


Author & Date 


Country Building Type Occupancy Ventilation 


Sacrpl ing 


Concentrations 


Carson 4 Erikton 

Canada 

Offices 

> 2 people Hot Given 

(1988) 


(31) 

w/min. 1 




smoker 


Conner, et al. 

USA 

Homes (10) Hot Given 

Not Given 

(1986) 


Restaurants (10) 



Conner, et al. 

USA 

Offlcea (10) 

Not Given Not Given 

(1989) 


Planes (5) 



Coultat, et al. 
(1990a) 

USA 

Uorkplacc(15) 

Not Given 

Not Given 

Cou(tas,«t al. 
(1990b) 

USA 

Homes (10) 

Not Given 

Not Given 

Cousins t Collett 
(1989) 

Canada 

Schools (3) 
Portables (6) 

Not Given 

Not Given 

Crouse i Carson 
(1989) 

USA 

Offlcct(32) 
l Restaurants 
(36) 

Not Given 

Not Given 

* 

Crouse, at al. 
(1988) 

USA 

Restaurants 

(37) 

Not Given 

Not Given 


PASS Unit PHJ.5 
9 hr samples (8-5) 


Gravimetric & UVPM 
Personal Pimp, 120- 
180 min. sarrpies. 


Gravimetric PMJ.5 
PASS Unit, 1-5 hr samples 


UVPM (aq/«T) 

A. Mean 44 

G. Mean 24 

Range 6 - 426 

Homes, Range 17-86 

Homes, A. Mean 58 
Rest., Range 18 - 306 

Rest., A. Mean 169 


UVPM (jiq/m ) 
1 - 8 
4.2 

15 - 223 
106 


Offices, Rang* 
Offices, A. Mean 
Planes, Range 
(Smoking Section) 
Planes, A. Mean 
(Smoking Section) 
Planes, Range 
(Hon Smoking Sect 
Planes, A. Mean 


WAiSlKl WPM (jig/m 3 ) 


167 - 1088 

nd - 147 

448 

65 

33 - 119 

20 - 106 

72.6 

66.6 

3 - 98 

12 - 30 

) 

22 

18.6 


Gravimetric 
Personal Monitors 
6.5 hours, PH2.5 


Gravimetric PM2.5 
10 s«Aptes/hom 


Males 
Hospital 
Offices 
Barber Shop 
Restaurant 
Retail Store 

Females 
Hospital 
Offices 
Public Trane. 


SgRlli 

2 

2 

2 

1 

1 


3 

3 

1 


66.15 

56.7 

80.25 

145.8 

85.2 

Avg. RSP (ng/m 3 ) 

35.33 

70.37 

4.0 


RSP Means - 32.4 - 76.9 MB/** 


Light Scattering 
PM5.0 


Old School 
Indoor 16 

( 11 - 22 ) 

Outdoor 23 


RSP (ng/m J ) 

Ren. School Mew School 
13 14 

(10-20) (10-17) 

15 18 


Port. Class 

17 

(15 20) 

18 


Gravimetric PH3.5 


S*?xJ?g3n 

Offices RSP 61 

UVPM 47 

Restaurants RSP 111 

UVPM 31 


Range (Ng/« ) 
11 - 279 
11 - 84 
16 - 366 
10 - 194 


Gravimetric PM3.5 
1 Hour Sample 


Geo, Mean 
RSP 62 ♦ 2.2 

UVPM 26.1 ♦ 1.9 


Arith. Mean 
80.8 
34.1 


Range (|ifl/m ) 
16 - 221 
15 - 168 
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Table 1. Continued. 


Dalsty, et at 
(1989) 


USA 


Homes (7) 


Hot Given 0.13-0.89 ACH 


Eudy, et al 
(1987) 


USA 


Restaurant 


Not Given Not Given 


Gravimetric w/ 

House # 

Indoor 

Outdoor 

Cyclone, 48 hr 

102 ♦ 

37.5 

24 

samples 

- 

30.4 

13.8 


106 ♦ 

33.3 

30.9 


- 

57.7 

7.2 


108 ♦ 

36.6 

38.4 


- 

27.6 

27 


203 ♦ 

19.7 

32.4 


* 

20.3 

4.5 


204 ♦ 

35.4 

10.5 


- 

27.3 

9.6 


208 ♦ 

47.6 

19.9 


- 

29.9 

- 


300 ♦ 

60. f 

- 



35.6 

- 


Gravimetric PHJ.5 
4 hr samples, 

12 samptes/48 hr run 


Uoodburning) 


Mean * Uoodsmoke 32.7 

RSP 5 * 48 hour sample runs 


Range 0-105 eg/m* 
A. Mean 29.3 eg/m* 


First, 

(1983) 


USA 


Public Places 


Various Not Given 


Piezobalance 


Georghlou, at al. 
(1989) 


Canada 


lea Arena 


Varied 


Not Given 


Grlmtrud, et al. 
(1990) 


USA 


Office Not Given Not Given 

Buildings (40) 


Hedge, at al. 
(1990) 


USA 


Office Not Given Not Given 

Building* (2) 


PM 10 Indoor Sampling 
ispactor, 2.5 hr samples 
10 games 

Gravimetric PM3.0 
3-20 sampling sites/ 
building 


Piazobalance, 
Gravimetric PH2.5, 

UVPH 


Site Avg 
Cheater! 300 
Cha*ter2 290 
School cafeterlal 20 
School cafeterla2 40 
Tavernl 400 
Ta.irn2 660 
favern3 570 
lus Terminal 110 
§us Terminal (outside) 70 
Fast Food Restaurant 150 
Sm. Sltdown Reet.1 250 
Sm. Sltdown Rest.2 260 


1 clg. smoked 
1 clg. smoked 
no smokers 
2-3 smokers 

1- 5 smokers 

2- 3 smokers 
mostly 1 smoker 

50-100 people, 1-5 smokers 

1-3 smoker a during sampling 
15 diners, 4 smokers 
23 dinere, 1 smoker 


Rsnge (efl/«*l 

Smoking Allowed 17 - 680 
Smoking Restricted 107 - 426 



440.75 (n*4) 
302.57 (n*7) 


Arithmetic Mean 
Geometric Mean 
Range 

Area 

Building (NS) 

Office (Restricted S) 
Smoking Area w/fllter 
Building (HS) 

Office (Restricted S) 
Smoking Area w/fllter 
Building (NS) 

Office (Restricted S) 
Smoking Area w/fllter 



30.0 
24.0 
5 - 86 


Method 

Data (eg/**) 


AM 

PH 

Piezobalsrtce 

20 

10 

Piezobalance 

40 

40 

Piezobalance 

110 

140 

Gravimetric 

N/A 

N/A 

Gravimetric 

200 

300 

Gravimetric 

350 

400 

UVPH 

0 

0 

UVPM 

9.0 

7.0 

UVPH 

120 

185 
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Table I. Continued. 




P- 

o 

0 

d 

0 

Hot lowed and 

USA 

Office (1) 

Not Given 

Not Given 12 Hours 

"Particles" • - - 31 Aig/m* Avg. 


P- 

H 

c 

Hiksch 1981 








r 

Hosein, et al. 

Canada 

Howes 

Not Given 

Not Given Gravimetric (RSP) 

RSP (nq/ *?. Geometric Hean) 


0 

M 

(1985) 




24 hr. samples 

AC 

No AC 


O- 






Smoke (n*11) 80.5 

(n*25) 70.11 

o 






No Smoke (n*4) 34.3 

(n 3 11) 32.5 


cr 

0 






Carpet 

No Carpet 


0 

n 






Smoke (0=28) 76.6 

(n=8) 70.2 


o 






No Smoke (n*9) 38.7 

(n*7> 53.7 


S 






Hot Uater 

forced Air 


u 

0 






Smoke 84.8 

57.1 


VC 

0 

a 





No Smoke 66.7 

37.7 


V • 

0 

IT Corp. 

USA 

Restaurants (36) 

Varied 

Not Given Gravimetric PM3.5 

«SP Q.9/^1 


eg 

o 

5 

(1987) 


Offices (38) 


PASS Unit 1 Hour Swnples 

Offices Range 

nd-375 

nd-108 

r» 






Offices A. Hean 

114 

28.3 

4 






Restaurants Range 

nd-417 

nd-127 







Restaurants A. Hean 

120 

33.2 



leederer, tl al. USA 
(1990) 


lofroth, at al. USA 
(1989) 


KcCarthy, at al. USA 
(1987) 


Kleiner, at al. USA 
(1988) 


Home* (394) Not Given Not Given 


Tavern (1) 5 - 25 x Not Given 

180 m 3 
Swotting 
Allowed 

Howes Not Given Not Given 

(60S, 13NS) 


Public Places, Varied Varied 
Offices (19) 


Gravimetric PH2.5 Source n Suffolk n Onondaga (pg/**) 


None 

30 

17.3 

45 

14.1 



U 

15 

18.1 

16 

19.1 

U 

■ Woodstove 

K 

7 

22 

4 

21.2 

K 

* Kerosene 

S 

61 

49.3 

80 

36.5 

S 

* Smokers 

ICW 



4 

19.7 



sw 

29 

38 

31 

33.9 



SK 

23 

61.4 

4 

35.3 



SKU 

6 

30.3 

4 

28.5 



Outdoor 

19 

16.9 

36 

15.8 




Gravimetric TSP 1 


hr) Second $tufr_l4 hr) 


Piczobalence 

Indoor 

Outdoor 

Indoor Outdoor 


TSP 

470 

nd 

390 

nd 


Pleiobalance 

420 

< 50 

320 

40 

Gravimetric (RSP) 


Heap 

Median 

*»P9f 

miL, 

Personal l 

Personal (NS) 

29.4 

27.2 

21.6-39.8 


Area Samples (24 hr) 

Personal (S) 

56.2 

52.6 

18.0-116.3 


Home (NS) 

30.9 

25.6 

16m6-7T.l 



Home (S) 

54.6 

55.6 

— 



Personal Sawptes on 

Children (8-11 yr old) 



Gravimetric PH2.5 
3-16 Hours 


Mean PSP (pq/m*) 


NS Areas (n*33) 

14 

Smoking Areas (N*7) 

34.5 

Tram, facility (n*4) 

64 

(Subways or Rus) 
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Table 1. Continued. 


Hiesner, et al. USA Public Bldgs Hot Given Hot Given Gravimetric PH2.5 

<1909> (21) 


Millar 

(1980) 

Canada 

Office 

Sulldinga (2) 

Not Given 

Not Given 

Piezobalance 

Pra and lyr Post 
smoking ban 

Ogden and Katolo 
(1989) 

USA 

Homes (2) Not Given 

Auto (1) 

Oep't Store (1) 
til Hard Parlor (1) 

Not Given 

Gravimetric PH3.5 
Personal Pumps 

2-8 hr samples 

Qldaker, at al. 
(1990) 

USA A Canada 

Naataurants t 

Offices, 

4 cities 

Nln. 2/off. 
u/ 1 smoker 

Not Given 

Gravimetric PH5.5 

PASS Unit, Sampled 
tkjring lunch & dinner 
hours. 

Oldaker, at al. 

(1988) 

USA 

Offices l 
Restaurants 

Not Given 

Not Given 

Gravimetric PH3.5 


W9mS0S 


il.edu/c 


4 

Library (NS) 

5.8 - 12.8 

9.OS 

4 

High School (NS) 

12.5 - 109.4 

41.9 

2 

Museum 1 (NS) 

6.5 - 11.0 

8.75 

2 

Musetsa 2 (HS) 

nd - 12.9 

6.45 

4 

Hospital (HS) 

14.5 - 23.3 

17.35 

2 

Hospital (S) 

20.1 - 52.5 

36.3 

4 

Clinic (HS) 

nd - 17.3 

9.3 

1 

Clinic (S) 

119.1 

119.1 

2 

Groc. Store (NS) 

11.9 - 14.0 

12.95 

1 

Laundromat 1 (NS) 

17.2 

17.2 

1 

Laundromat2 (NS) 

24.3 

24.3 

2 

lor/Rest.1 (S) 

36.3 - 107.3 

71.8 

2 

Bar/Rest.2 (S) 

133.1 - 140.9 

137 

3 

Bor 3 (S) 

30 - 78.3 

59 

2 

Subway St.1 (NS) 91.7 - 157.3 

124.5 

2 

Subway St.2 (NS) 55.1 - 66.5 

60.8 

1 

Bus Station (NS) 43.3 

43.3 

2 

Office Bdgl (S) 

16.2 - 18.6 

17.4 

1 

Office Bdg2 (NS) 

15.8 

15.8 

2 

Offlca Bdg3 (NS) 

17.3 - 18.2 

17.75 

3 

Offlca Bdg4 (S) 

26 - 80 

44.73 

2 

Offlca Ndg4 (NS) 

15 - 15.2 

15.1 

1 

Office Bdg5 (S) 

520.8 

520.8 

4 

Office Bdg5 (NS) 

11.1 - 20 

14.83 

2 

Univarsity (S) 

114 - 196 

155 

2 

University (NS) 

5.6 - 44.3 

24.95 


Floor Building A floor Building | 


7th Pra 30 

fig/af* 3rd Pra 

35 fig/m 3 



9th Pra 28 

15th Pra 

47 



7th Post 22 

3rd Pott 

18 



9th Post 22 

15th Post 

25 




Sample 

No. of 

Cone 

u tea/* 3 ) 


Duration 


RSP 

Sol anesol 

Billiard Parlor 2 hr 

K 

355 

12.8 

Home 

4 hr 

6 b 

187 

6.4 

Home 

4 hr 

6 b 

212 

6.6 

0 ep‘t Store 

4 hr 

0 

55 

HO 

Automobile 

8 hr 

0 

18 

NO 


“Actual Count, 50 clg*., 4 cigars. 
HCitchen only. 


Offices (ag/m 3 ) 


RSP Range 

(n*131) 0 

- 1,088 

(n*63) 0 - 685 

RSP Mean 

126 


126 

UVPM Range 

(n*125) 0 

• 287 

(n x 82) 0 - 184 

UVPH Mean 

27 


36 


!SLAtaJ^l 

UVPM (tiq/m 3 ) 

Office* (iv45) GM 

95 

(n=43) 24 


AM 

107 

33 


Range 

7-258 

2-170 

Restaurant 

(n-47) CM 

175 

(n*49) 47 


AM 

199 

61 


Range 

57-658 

7-163 


Table 1. Continued. 


Oikaynak, at al. 

USA 

Homes (9) 18 participants 0.2 *0-8 ACH 

Gravimetric PM2.5 

N Average St. Deviation Range * jug/m 

(1990) 




Stationary l 

Indoors 230 37.31 

24.27 

6.97-160.02 





Personal Samples 

Personal 52 75.09 

46.82 

19.90-240.56 






Outdoor 101 42.72 

23.97 

0.90-116.07 

Proctor 

UK 

Offices (10) app. 75X 

Mechanical 

Gravimetric PH5.5 

(pq/m 3 ) ASP Asngf 

ASP Mean 

UVPM Range UVPH Mean 

(1909) 


Train Comp.(20) 


PASS Unit, 1 Hr Samples 

Of fices(S) 33-260 

103 

.5-75 23 






Of fice(MS) 29-240 

90 

1-17 6 






Trains (S) 70.8-525 

216 

13-110 59.8 






Trains (HS) 63.3-450 

106 

9-105 33 

Proctor, at al. 

UK 

Office (1) 26 m 2 / 

Not Given 

Gravimetric PH5.S 

Qa/i& 

Wl tM/"’) 

(1989b) 


parson 


10 sites sampled 

S Kean - 103 

23 






5 times each 

Median - 91 

24 







NS Mean - 90 

0 



Hedi»n - 71 8.6 


Ouackebbosa, at at. USA Home* (90) Not Given Not Given 

(1989a) 


Quackenbott, at al. USA 
(1991) 


Moms (200) 


Not Given Not Given 


Santanam, at al. 
(1990) 

USA 

Momma (280) 
70S, 70HS 
each city 

Mot Given 

Mot Given 

w 

Sheldon, at al. 
(1988a) 

USA 

Home for 
Elderly (2) 

Not Given 

Hot Given 


Gravimetric PN10 I PN2.5 


Gravimetric PH2.5 
2 weeks of sampling 


Gravimetric PM2.5 
1 week samples 


Dichotomous lapseTors 

< 2.5m* 


Smoking 

£vap t CooL 

JL 

lrale!l 

n 

pHlO (sg/m 3 


Yea 

20 

8.8 

20 

21.0 

No 

No 

25 

20.3 

23 

38.4 


Total 

45 

15.2 

43 

30.3 


Yea 

10 

19.3 

10 

33.9 

1-20/day 

NO 

16 

32.3 

17 

53.4 


Total 

26 

27.3 

27 

46.2 


Yea 

0 

36.2 

9 

47.4 

>20/day 

No 

9 

82.7 

9 

102.5 


Total 

17 

60.8 

10 

75.0 


Smokers at Noma No Smoktrs at Home 


Season* 

N 

Median jiq/i t? 

N 

Median Mq/m 3 

Summer 

49 

20.5 

50 

8.9 

Spring/Fall 

39 

20.1 

37 

10.6 

Uinter 

24 

35.7 

26 

13.4 


"Seasons: Summer ■ Nay - September 

Spring/fall ■ March, April, October, November 
Winter « December - February 


SteubenvlUa (ASP pg/ai 3 ) 
Ulnter Sintner 

S Homes NS Homes S Homes 

45.57 19.54 49.05 


NS Homes 
29.5 


Portage (ASP *g/m 3 ) 

Uinter Simmer 

S Homes NS Homes S Homes NS Homes 

54.6 14.0 24.9 15.9 


ASP <2.5mm (aq/m ) Mean of 5 - 24 Hour Samples 

Home #2 Home HI 
Apartment (S) 89 59 

Commons Area 16 (smoking 30 (smoking lounge) 

observed) 


Apartment (NS) 9 9 

Outdoors 4 (1 24 hr 10 


sample) 
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Spengler, et al. 
0985) 

USA 

Homes 

Offices 

Workplace 

(Non-office) 

Not Given 

Spengler, at at. 

USA 

Homes 

Not Given 

(1987) 

(6 cities) 

App. 300 


Sterling l Mueller 
(1988) 

Canada 

Office 
lullding (2) 

Not Given 

Sterling, 
at al. (1988) 

USA 1 
Canada 

Offices 

Not Given 

Thomas, at al. 
(1989) 

USA 

Industrial 

Cafeteria 

30 ♦ 9 

560 m 3 

Turner, at al. 

USA 

Offices 

126.5 ft 2 / 

0991) 


(585) 

person 

Ueschler and 
Shields (1989) 

USA 

Phone Switching 
Office (1) 

Not Given 

Toe cm, 

(1982) 

USA 

School, Homes 

O) (2) 

Not Given 
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Table (.Continued. 



Table 2. Caibon monoxide (ppm) measured under realistic conditions (Conversion factor: I ppm =: 1.15 rng/m'). 


Author I Date Country Building type Occupancy Ventilation Sampling 


Concent ra t i ons/Commcnt a 


Carson ft Ericson Canada Offices (31) 
(1985) 


>2 people 

Not Given 

Electrochemical 

M/nin. 1 


Detector in PASS 

smoker 


Unit, 1 sample/ 
minute 



Indoor 

Outdoor (ppm) 

A. Mean 

1.9 

1.9 

G. Mean 

1.3 

1.2 

Min. 

<.1 

<.1 

Max. 

8.7 

5.8 

No. of Offices 

28 

21 


Cousins ft Collett Canada 

Schools (3) Not Given 

Not Given 

Electrochemical 

CO (ppm) Old School 

Renovated School 

New School 

Portables 

(1989) 



Analyzer 

A. Mean 1.3 


1.1 

0.9 

0.9 





Range 1.0-1.8 


0.7-1.5 

0.7-1.1 

0.8-1.0 





Outdoor 2.1 


11.5 

1.1 

1.1 

Crouse, et at. USA 

Offices (30) Not Given 

Not Given 

PASS Unit, 

• 

N 

Ranqe (ppm) A. 

Hean (ppm) 


(1989) 

Restaurants (30) 


Electrochemical 

Off Ices-Outdoors 

29 

0.2-7.2 

2.8 




Detector 

Offices-Indoors 

29 

0.6-7.1 

2.5 






Restaurants-Outdoors 

31 

0.2-9.2 

3.4 






Restaurants-Indoors 

31 

0.4-12 

5.0 



Crouse, et al. USA 

Restaurants 

Not Given 

Not Given 

PASS Unit 

N Range 0. Hean A, Mean 

St. Deviation 

(1988) 

(36) 




CO (ppm) 36 0.9 

- 6.3 2.4 2.6 

1.5 

Eurfy, et at. USA 

Restaurant 

Not Given 

Not Given 

Electrochemical 

CO (5) 48 Hour Sampling Runs 


(1987) 




Analyzer, Sample 

Range 0 - 

16 ppm 






every 10 mins. 

A. Mean 4 

PP* 






during 48 hr runt 


•• 


first USA 

Public Places 

Various 

Not Given 

Ecolyzer 

Site 

Avg, Conc, (ppm) 


(1983) 





ChaiNberl 

2.0 - 1 cig. smoked 







Chaa6er2 

1.5 - 1 cig. smoked 







School cafeteria! 

1.0 * no smokers 







School cafeterla2 

0.5 - 2-3 smokers 







Tavern! 

8.0 - 1-5 smokers 







T avern2 

8.0 - 2-3 smokers 







T avern3 

7.0 - mostly 1 smoker 







•us Terminal 

3.5 - 50-100 people, 1 

-5 smokers 






lus Terminal (outslde)2.0-2.5 







Fast Food Restaurant 5.0 - 1-3 smoker* during stapling 






Sm. Sitdown Rest.1 

6.0 - 15 diners, 4 smokers 






Sm. Sitdown Rest.2 

6.5 • 23 diners, 1 smoker 

Flachsbart, et el. USA 

Cer (8) 

Not Given 

Not Given 

Electrochemical 

N* Range of Means (pem) A. Mean of means (ppm] 

(1987) 

lus (4) 



Detector 

Automobile 213 

8.8 - 22.3 

11.6 


Train (3) 



No Smoking 

Rus 35 

3.7 - 10.2 

6.0 






Train 8 

2.0 - 5.2 

2.88 






*N«nu*6er of trlpa 

% 



Hedge, et al. 

USA 

Office Not Given Not Given 

Direct Reading 


A. Hean (ppm) 

(1990) 


Building (2) 

InterScan 4000 


AM PH 




Hourly Saaples 

Smoking Prohibited 

0.0 0.0 





Smoking Restricted (Office) 

2.5 1.7 





Smoking Restricted (Office 

2.8 2.6 





with des. smoking area w/LACS 

) 


*Local Air Cleaning System 
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Tabic 2. Continued. 


IT Corp. 

(1987) 

USA 

Offices (38) Varied 

Restaurants (36) 

Not Given 

Electrochemical 
Detector, sampled 
each min. for 60 
min. 

Lofroth, tt al. 
(1989) 

USA 

Tavern 

5-25 people 

180 m 3 

Not Given 

Electrochemical 

Detector 

Hu*ford, tt tl. 
0990) 

USA 

Nobile Homes 

Not Given 

0.5 ACH 

SPE CO Detectors 

Proctor, 

(1989) 

UK 

Offices (10) Not Given 

Train Comp.(20) app. 75X 
(10S, IONS) 

Mechanical 

Not Given 

Electrochemical 
Detector, 1 
sample/minute 

Proctor, tt tl. 

(1989a) 

UK 

Betting Shops 
(6) 

Not Given 

Not Given 

Electrochemical 

Detector 

Proctor, tt al. 
(1989b) 

UK 

Office 
Building (1) 

26 m 2 /person Not Given 

Electrochemical 
Detector, five 

1 hr continuous 
samples 

Starting 1 

Hut Her (1988) 

Canada 

Office 

Buildings (2) 

,73-1.8/IOm 2 

DMcchonfcal 
Air Necirc. 
2)Naturel, 

No Recfrc. 

Electrochemical 
Analyzer, 3-4 
min. samples, 
6/locatlon 

Sterling, 

(1988) 

Canada 

Office 

Building 

.79/IOm 2 

Forced Air; 
recirculation 
Min. 20 dm/ 
person fresh 
air 

Electrochemical 
Analyzer, 3-4 
min. samples, 
3/location 

Sterling, at al. 
(1988) 

North Am. 

Offices 

Not Given 

Not Given 

Hot Given 

i» 

Thomas, at al. 
(1989) 

USA 

Industrial 

Cafeteria 

30*9 people 

560 m 3 

8.8 ACH 

5,400 CFN 

Electrochemical 
Sensor, 120 
samples/day for 

12 days 

Turner, at at. 
0991) 

USA 

Offices (585) 

126.5 ft 2 / 
person 

Not Given 

Electrochemical 
Detector, 10 
readings/hour. 

Yufll t Come»u 
(1989) 

Canada 

Homes (76) 

Not Given 

0.29 ACH 
(0.0-1.35) 

CO instrument 


86T9S8AS0S 


00 



Srnok I f>g 
Non Smoking 


Total 



JL 

Living Room 76 
Basement 69 
Bedroom 73 




L.C. Holcomb 
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Table 3. Nicotine measured under realistic 


Author I Date Country Building Type Occupancy Ventilation Saapt i 


Chuang, et al. 

(19M) 

USA 

Homes (8) 

Not Given 

Not Given 

Purrp w/KAD-4 Sorbent 
2 - 8 hr samples in 

living room 

Cooltas, et al. 
(1990a) 

a 

USA 

Workplace (15) 

Not Given 

Not Given 

Personal Pimp w/ 
Sodium bisulfate 
filter, 6.5 hr 

samples 

Coultas, at al. 
(1990b) 

USA 

Homes (10) 

Not Given 

Not Given 

Pimp w/Sodiua 11- 
sulfate filter, 

10 samples/home 

Crouse, at al. 
(1986) 

USA 

Restaurants 

(37) 

Not Given 

Not Given 

PASS Unit w/XAD-4 
Sorbent, 1 hr saeple 

Crouse A Carson 
(1989) 

USA 

Offices (32) Not Given 

Restaurants (36) 

Not Given 

PASS Unit w/XAD-4 
Sorbent 

Crouse A Oldiker 
(1990) 

USA 

Restaurants 

(21) 

Not Given 

Not Given 

PASS Ikilt A Personal 
Pimp w/XAD-4 Sorbent 
Min. 1 hr sample for 
four months. 

Eudy, et al. 
(1987) 

USA 

Restaurant 

Not Given 

Not Given 

Pump w/XAD-4 Sorbent 
(12) 4 hr samples 
during (5) 48 hr 
sample runs. 

First 

(1983) 


Public Places 

Various 

Not Given 

Pimp w/Potassiiaa 
biaulfete filter 

Henderson, et al. 
(1989) 

USA 

Homes 

15 w/Smokers 

12 w/o Smokers 

Not Given 

Not Given 

Pimp w/Sodiu* 
Bisulfate Filter 

5pm- 7am 8 2 days 


66I9S8/.S02 


Source: hllps^/www.induslrydocuments.ucsf.edu/d 



Concentrations/Coorocnts _ 

Howe i IHS 2S 3S 4S 5S 6S 7NS flMS S MS 

nicotine 0.17 15 1.7 29 45 4.1 0.02 0.06 19 O.Ofl 

0«9/m 5 ) 


Kales 
Hospital 
Offices 
Barber Shop 
Restaurant 
Retail Store 
females 
Hospital 
Offices 
Public Trans. 



Mean Range 0.6 - 6.9 )tg/«* 
(100 samples) 



Site 

Chambcrl 

Chaeber? 

School cafeterlal 
School cafeteria? 
Tavern1 
Tavern2 
Tavern! 

Bus Terminal 
fast Food Restaurant 
Sn. Sltdown Rest.1 
Sm. Sftdown Rest.2 



13.9 - 1 elf. smoked 

13.9 - 1 clg. smoked 
5.5 - no smokers 
2.7 - 2*3 smoker* 

6.3 * 1*5 smokers 

9.4 * 2-3 smokers 

15.9 - mostly 1 smoker 

. 50-100 people, 1*5 smokers 

30.0 - 1*3 smokers during sampling 
12.0 - 15 diners, 4 smokers 
16.3 • 23 diners, 1 smoker 


Average Concentration 
Smoking Homes 


3.74 


Hon smoking Homes 0.34 
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Table 3. Continued. 


IT Corp. 
(1987) 


USA 

Offices (38) Not Given 

Restaurants (36) 

Not Given 

Pump w/XAD-4 Sorbent 
1 Hr. Samples 

Jenkins, et 
(1988) 

al. 

w 

USA 

Restaurants 

(36) 

Not Given 

Not Given 

Personal Pimp w/ 
Tenax Sorbent. 

1 hr san^ples 

Lofroth, et 
(1989) 

al. 

USA 

Tavern 

5 * 2J 
Isom 3 

Not Given 

Pu»p u/ filter 

3 A A hr Samples 

McCarthy, et al. 
(1987) 

USA 

Homes (81) 

68S, 13NS 

Not Given 

Not Given 

Pimp w/ Sodiisa 
bisufate filter. 
Personal t Area 
Samples 

Mlesner, et 
(1989) 

al. 

USA 

Public 

lulldings (11) 

Not Given 

Hot Given 

Pimp w/Sodfut 
bisulfate filter 


Otdaker, et al. 

USA 

Offices (46) Not Given Not Given 

Pass Unit w/XAD*4 

(1988) 


Restaurants (49) 

Sorbent 


Oldaker, et 

at. 

USA i 

Offices 8 

Min. 2 

Not Given 

PASS Unit w/XAD-4 

(1990) 


Canada 

Restaurants 
(4 Cities) 

people/office 

1 tanker 

Sorbent Tube. 

Proctor 

(1989) 


UN 

Offices (10) Varied 

Train Compartments 75X 
(20) 

Mechanical 
Not Given 

PASS Unit w/XAO-4 
Sorbent, 1 hr 
samples. 

Proctor, et 
(1989a) 

al. 

UN 

letting Shops 
(6) 

Not Given 

Not Given 

PASS w/Tenax Sorbent 


Proctor, et at. 

UK 

Office (1) 

265 ft 2 / 

Not Given 

Pump w/XAD-4 Sorbent 

(1989b) 



person 




00S9SS4.S0S 
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Table 3. Continued. 


Seheoker, et il. 
(1907) 

USA 

HR Workers 
Office, Repair 
Shop, Outdoors 

Not Given 

Not Given 

Personal Pumps 
w/Sodiu* Bisulfate 
Filter (2 Days) 

Mean Concentration (jiq/nr) 

Office (n=12) 10.2 ♦ 2.2 

Repair (n=11) 5.0 ♦ 3.4 

Outdoor (n=73) 0.4 ♦ 0.1 

Sterling 
et al. (1980) 

USA l 
Canada 

Offices (32) 

Not Given 

Not Given 

Not Given 

Range NO - 43.7 jig/m 3 

Median - NO 

Sterling t Hueller Canada 
(1960) 

Office (1) 

N-Smoking 

.79/10m 2 

Forced Air; 
Recirculation 
frota (S) area 

Personal purp 
w/XAD-4 Sorbent, 

2-0 hr Samples 

Range (fig/m 3 ) 
nd - 1 

Thomas, et al. 
(1989) 

USA 

Industrial 

Cafeteria 

30 ♦ 9 

560 m 3 

0.0 ACH 

2900 cfn 0A 
2500 cfai RA 

Purp w/XAD-4 Sorbent 

2 hr. staples for 

14 days (11:30-1:30) 

lunchtime Background 

Avg. Cone. (pg/ia ) 5.1 ♦ 1.6 0.14 ♦ 0.03 

(Average smoking rate during Sampling was 26*6 cig/hr) 

Turner, et al. 
(1991) 

USA 

Offices (505) 

126 ft 2 / 
person 

Not Given 

Personal Purp 
w/XAD-4 Sorbent, 

1 hour staples. 

Nicotine- A. Mean (*g/m 3 ) 

Smoking 6.6 

Non Smoking 0.17 

Total 3.04 

Vaughan t Haamond 
(1990) 

USA 

Office 

m 

Not Given 

Not Given 

Passive (H-F) & 

Active (W) on sodiun 
bisulfate filters. 

A.Mean Pre Smoking Policy (B9/ar) Poft Smoking Policy 

NS desks (rv*13) 2.45 0.3 

Snack Bar (n*3) 11.3 05.4 (Designated Smoking) 

Cafeteria (n n 6) 4.5 5.3 

S Desks <n*6) 10.7 - 


T0g928iS0S 


Source: httpsi'/www.induslrydocuments.ucsl.edu/docs.1ikbj0000 
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Table 4 . Nitrogen dioxide measured under realistic conditions (pf 


1 900 pg/m*; ppb = 1.9 pg/m*). 


KJ 


L ll 


Author I Date Country Building Type Occupancy Ventilation Sampling 


Concent ra t i oos/Cofliwent s 


Berwick, at at. USA 
(1989) 


Hones (72) Not Given Not Given 


Passive tubes, 

3 locstions/house, 
2 week samples 




1*2 

1 only 

2 only 

None 

Room N 

N°2^_ 

N 

NO, 

N 

NO, 

N 

NO, 

Kitchen 6 

98.50 

49 

41.07 

13 

40.92 

4 

- c 

6.40 

Living Room 6 

76.00 

49 

43.40 

13 

24.85 

4 

6.23 

Bedroom 6 

104.75 

49 

38.33 

13 

28.54 

4 

5.19 

House Ave. 6 

90.08 

49 

40.93 

13 

31.43 

4 

5.94 

1 * Kerosene heater 

2 - 

Gas stove 






Braver, at at. 

USA 

Hones (11) 

Not Clven 

Not Given 

Passive samplers 

NO,, 

ppb 


(1990) 





Triethanolonine 

c 







Colorimetric 

N Mean 

Min, 

Max, 






24 hr. Indoor, 

Indoor 30 17 

7 

36 






48 hr. outdoor 

Outdoor 30 IS 

5 

26 

Ouaont, 

Canada 

Hones (46) 

Not Given 

Varied 

Passive aaaples, 1 

NO, 

N 

A. Mean (ppb) 

(1986) 





week, 1 sample/house 

Wood atove, smoke 

9 

5.6 







Wood stove, no smoke 

21 

5.1 







No wood stove, smoke 

4 

5.3 

a 






No wood stove, no smoke 

12 

3.5 


NOjj, neans, A9 /m* 


Good, et al. 

USA 

Nonet (90) 

Sumer 

S home 

NS home 

Palmes personal 

Stove 

f of 


Kitchen 

living Room 

Bedroom 

(1982) 


Avg. 

No. Smokers 

2.2 

2.7 

sampler, 7 day. 


Clg T 

N 

Sui, Win. 


Win. 

Sua, 

Win. 



Avg. 

No. NSmokers 

1.3 

0.3 

kitchen, bet room. 

Elec. 

> 20 


15.6 21.3 

16.5 

23.5 

14.0 

21.3 




Winter 

S home 

NS home 

living room. 

Ges 

> 20 

8 

76.3 156.6 

66.9 

112.2 

48.4 

96.4 



Avg. 

No. Smokers 

2.0 

2.7 


Elec. 

< 20 


11.8 20.3 

12.4 

19.6 

10.7 

17.5 



Avg. 

Ho. NSmokers 

1.4 

0.2 


Gat 

< 20 

3 

87.0 219.6 

47.1 

117.4 

38.7 

97.8 




vent, rates not given 


Room 

Season 

NO,, M/n 5 

Smoke N Mean 

Max 

Min 



living 

Summer 

NS 

54 

12.4 

86.5 

-2.5 

Room 


S 

38 

16.5 

40.8 

-0.4 


Winter 

NS 

49 

17.5 

36.6 

5.7 



S 

38 

21.3 

49.6 

-1.6 

Bedroom 

Sumer 

NS 

54 

10.7 

66.9 

-2.7 



S 

38 

14.0 

42.7 

•0.6 


Winter 

NS 

50 

20.3 

57.1 

5.3 



S 

38 

21.3 

54.3 

1.4 

Kitchen 

Sumer 

NS 

54 

11.8 

72.0 

-3.4 



S 

38 

15.6 

44.7 

0.5 


Winter 

NS 

49 

19.6 

44.5 

5.7 



S 

38 

23.5 

65.6 

1.4 

Outside 

Sumer 

NS 

54 

21.3 

70.5 

1.1 



S 

38 

22.6 

54.5 

6.3 


Winter 

NS 

48 

52.3 

99.9 

18.7 



S 

35 

50.0 

91.3 

8.9 


Hoi towel I USA Office (1) Not Given Not Given One week NO-, - 60 pg/ie 5 , 30 ppb 

and Hiksch 
(1981) 


S029S8i,S0S 


pdi 


Source: httpsjVwww.induslrydocuments.ucsl 
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Tabic 4. Continued. 




Hosein, «t at. Canada Homes (52) Not Given Not Given NaOH lepinger NO, ag/m 3 , Geometric means 

(1985) 

Air Cond. No Air Cond. 

_ M NO? N NO? 

Gas Stove 4 175.1 7 182.1 

Elec. Stove 12 70.9 29 81.8 

No Gas Sumner Winter 

_ N NO? N NO? 

Smoke 29 76.1 29 82.6 

No Smoke 12 74.5 12 75.7 

Marbury, at al. USA Homes (144) Not Given Not Given Passive sample tubes NO*, means and range, ppb 

(1988) 2, 2 week samples, 

3 samples/home Gas stove Elec, atova 

_ \ _2_!_2_ 

Outside 19.1 20.3 14.1 19.6 

(5.2-26.7) (6.9-31.6) (5.1-24.3) (5.1-30.1) 

N*36 N-38 N»38 N-28 

Activity 41.3 39.3 7.8 7.0 

Room (8.4-168.7)(7.0-135.9)(2.0-20.9) (1.3-22.7) 

N*81 N*74 N-59 N-53 

Bedroom 33.1 30.9 7.0 6.2 

(4.4-167.1X4.0-140.4) (1.6-32.5) (1.1-22.4) 

N*82 N-75 N z 60 N-56 

1 * 1st cycle of samples 2 ■ 2nd cycle of seaiples 


Moray and 

USA 

Offices (7) Not Given 

Not Given 

Triethanolamine tube 


NO,, ppm 


Jenkins 


(problems reported) 


50-200 ml/min.. 


c 


(1989) 




colorimetric 

Bldg. 

Outdoor, roof 

Indoor 






E 

<0.07 

<0.06-0.10 






E 

- - - - 

0.2*0.3 






F 

0.04 

0.20 






C 

0.05 

0.09-0.10 






H 

0.10 

<0.07-0.09 






1 

0.10 

0.03-0.16 






J 

<0.02 

<0.02-0.20 






. K 

<0.02-0.05 

<0.03-0.60 






K 

0.03-0.08 

0.04-0.70 

Notchandress. 

USA 

Homes (18) Not Given 

Not Given 

Portable Cheml- 


AddI lance Room (ppb) Control Room (ppb) 

et si. (1990) 


w/gas furnaces 


luaincsccnce det 

HO, 

Kean Range Mean Range 





4 samples < 15 min. 


29 3 - 

33 ‘32 7-40 






Furnace Off 40 3 - 

58 42 4 - 54 


Furnace On 


£0S9S8iS05 


M 
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Source: httpsj'Avww.industrydocuments.ucsf.edu/docs/hkbjOOOO 
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Table 4. Continued 


Petreas, at al. 
(1988) 


USA 


Hobit Homes Mot Given 
(312) 


Hot Given 


Palmes tubes, 

3 sites/house, 
one week samples 


M0 2 . ppb 



Boom 

N 

A. Mean 

G. Mean 

all 

Kitchen 

311 

20.73 

16.92 


Bedroom 

312 

14.64 

11.71 


Outdoor 

30 

11.64 

8.95 

gas 

Kitchen 

263 

22.89 

20.25 


Bedroom 

265 

15.99 

13.51 


Outdoor 

25 

11.20 

8.39 

elec. 

Kitchen 

47 

8.98 

6.18 


Bedroom 

46 

7.77 

5.14 


Outdoor 

5 

13.78 

12.33 

all 

Kitchen 

254 

26.56 

21.09 


Bedroom 

254 

18.67 

15.10 


CM doo r 

27 

22.61 

19.16 

gas 

Kitchen 

230 

28.68 

24.33 


Bedroom 

230 

19.98 

16.77 


Outdoor 

23 

22.41 

18.77 

elec. 

Kitchen 

23 

6.29 

5.36 


Bedroom 

23 

6.07 

5.48 


Outdoor 

4 

23.74 

21.52 

gas » 

gas stove 


elec. * electric at< 

Kitchen LA 

61 

36.92 

24.26 


Spengter, at al 
(1987) 


USA 


Homes 


Mot Given Mot Given 


Palmes Passive 
Sampler 


Mon-LA 250 
Bedrooai LA 60 

Mon-LA 252 
Winter Kitchen LA 46 

Mon-LA 208 
Bedrooai LA 48 

Mon-LA 206 
LA * Los Angeles basin 


MO- 


19.26 

22.31 

12.97 

34.75 

24.76 
25.74 
17.03 

Mon-LA 


15.66 
19.44 
10.27 
30.52 
19.55 
21.26 
13.98 
Not in LA 




a. 

N 

Mean 

SO 

M 

Mean 

SO 

Fall 

160 

27.6 

10 

68 

11.8 

2.5 

Summer 

142 

25.2 

6.6 

68 

14.4 

2.5 

Winter 

166 

24.3 

5.4 

70 

17.1 

3.5 


Sterling, et el 
(1988) 


USA t 

Canada 


Offices 


Given Mot Given 


Mot Given 


Yocom, 

(1982) 


USA 


Moaies (9) 


Mot Given Mot Given 


Palmes tubes, 4 week 
Mean values <pg/m^) 


NO 

MO* 


MO. 


N_ 

49 

40 


Median 




ovi 


Min 

NO 


Max, 

0.1 ppm 

26.3 ppa 


ova 


Fixed, Outside 

17.1 pg/m 3 

16.9 pg/m 5 

Kitchen 

59.2 

15.7 

Bedroom 

37.3 

14.5 

Personal, Husband 

36.3 

19.8 

Wife 

40.8 

16.7 

Child 

45.2 

8.7 


f029S8iS0S 


Source: https://www.industrydocuments.ucs<.edu/docs/hkbj000 
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Tabic 5. Formaldehyde measured under realistic conditions (ppm = I 230pg/m*). 


Author t Date 

Country 

Building Type 

Occupancy 

Dumont, 

Canada 

Homes (46) 

Hot Given 

(1986) 

Clrman, et al. 
(1989) 

USA 

Office 
Building 
(52,000 sq. 

Not Given 

ft.) 

Grot, et al. 
(1991) 

USA 

Office (1) 

230 ft 2 / 
Person 

Hedge, at a(. 
(1990) 

USA 

Office 

Buildings 

(2) 

Not Given 

Hollowed 
and Hiksch 

USA 

Home (1) 
Office (1) 

Not Given 

(1961) 

lofroth, et al. 

USA 

Tavern 

5-25 peopl 


Ventilation Sanplinq 


Concent rat i ons/C o mmentf 


(1989) 


0.21 ach, ave. 


Mechanical 


Not Given 


Not Given 


Passive badges 
2 sampies/house 
1 week/samplt 

Midget lapingers 
chroawtropic acid 
analysis, 
formaldehyde 


Sodium bisulfite 
impregnated filter 

EPA Method TO-11 
3 hr samples 


0.4 ach Not Given 


ICO 


Puflp w/sorbent 
3 t 4 hr samples 
HPLC Analysis 


formaldehyde (ppm) 

Mean Median Baogc 


0.097 0.091 0.03-0.24 

Pre-Bake Out («✓**) post-Bake Out 


51 

32 

34 


1st floor 
2nd floor 
Pieman 
Outdoor 


formaldehyde 0.02-0.06 ppm 


65 

36 

36 


Mean formaldehyde (ppm) 


AM 

SP 0.023 
SB (Office) 0.006 
SB (Smoking) 0.016 


PM 

0.019 SP-Smoklng Prohibited 
0.012 SB-Smoicing Bestrlcted 
0.023 


formaldehyde In new home 


Unoccupied, no furniture 
Onoccijjled, with furniture 
Occupied, day 
Occupied, night 
Outside 

Aldehydes in an office 
formaldehyde 49 

formaldehyde from various Indoor environments 

loent Ion _ Bange (ppm) Mean (ppm) 

0.36 
0.1-0.44 


CO* 9% *g/m? 
223♦ 7X pg/mT 
261*10% afl/m? 
140*3 IX ftg/m 5 
< 20 - 



Mobile homes (2), Pa. 0.1-0.8 

Mobile homes w/ complaints 0-1.77 
(Wash.) 

Mobile homes w/ complaints 0-3.0 
(Minn.) 

Mobile homes w/ complaints 0.023-4.2 
(Uisc.) 


0.4 


0.86 


1st Study 3 Hr 2nd Study 4 Hr (jig/m 3 ) 
Formaldehyde 104 89 



r* 

O 

(T 

» 

O 

o 

o 




S0S928/.S0S 
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Source: httpsj/www.industrydocuments.ucsf.edu/docs/hkbj0( 
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Table 5. Continued. 


to 

o% 


Prosktw, et al. Canada 

(1989) 


Quackenbost, USA 

at at. 

(1989b) 


Starting, et at. USA t 
(1988) Canada 


Homes (20) 

Not Given 

see results Passive dosimeter 

Home type 1 

Formaldehyde (ppm) 

Vent, rate (ach) 



One week 

R- 2000 M Mean 

Median 

N 

Mean 

Median 




Mar 86 6 0.061 

0.060 

6 

0.28 

0.26 




Aug 86 16 0.058 

0.057 

- 

.... 

— 




Oct 66 16 0.080 

0.072 

16 

0.30 

0.29 




Feb 67 16 0.064 

0.061 

16 

0.43 

0.45 




Total 54 0.064 

0.061 

37 

0.35 

0.36 




Conventional 









Mar 86 4 

; 0.078 

0.077 

4 

0.16 

0.44 




Aug 86 4 

l 0.067 

0.065 

- 

# • » • 

.... 




Oct 86 3 0.090 

0.086 

4 

0.15 

0.17 




Feb 87 4 

. 0.067 

0.060 

4 

0.20 

0.16 




Total 15 0.074 

0.066 

12 

0.17 

0.17 




Smoking homes 

0.065 

0.063 







Nonsmoking homes 0.068 

0.063 




Homes (151) 

Not Given 

Not Given Passive Samplers 

Building type 

Evap. 

Mean 

N 





Sodiua bisulfite 









One week, 3 tltes/house 


_ 








Single fam. 

Yea 

27 

50 







No 

37 

52 







Total 

32 

102 






Mobile/traller 

Yea 

36 

6 







No 

68 

10 







Total 

49 

10 






Apt./Condo. 

Yea 

25 

5 







No 

51 

24 







Total 

47 

29 






Alt types 

Tea 

27 

62 







No 

43 

83 



Offices 

Mot Given 

Not Given Mot Given 

Formaldehyde NO 

- 1.9 ppm; 

0.01. 

median 



(259) 










Stock 

(1987) 


USA Homes (41) Hot Given Mot Given 


Pat five badges 
one week aamp(at 
two tempiet/hoaw 


Yocoat 

0982) 


USA Homes (2) Mot Given Mot Given Mot Given 


Yuitt t Coma an Canada 

0989) 


Hornet (50) Hot Given 0.29, Mean ach 

0.00-1.35 


Passive bubbler 
colorimetric 

2 hour templet 


Formaldehyde (ppm) 

Area _M_ Mean _ Mange 

Clear Lake 27 0.07 0.03 0.15 

Sunnyslde 14 0.10 0.06-0.18 

Smokfng (cig/day) M Mean 
<1 26 0.07 

1-4 4 0.13 

5-10 6 0.07 

> 20 7 0.07 


House Formaldehyde (jtg/sr*) 

_ Mange Average Outdoor 

ISUEMH 34-75 42 <9 

EHHH 54-182 120 <12 


Moom 


formaldehyde (ppm) 

M Ave. Han, Min, 


Living room 50 
Basement 45 
Bedroom 49 


0.090 

0.088 

0.092 


0.261 

0.235 

0.285 


0.000 

0.000 

0.000 


90S9S8iS0E 


Irydocumenls.ucsf.edu/docs,'hkb )0000 
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Table 6. Benzene measured under realistic conditions (ppb = 3.2 pg/m*). 


Author l Date 

Bayer ft Black 

(1987) 


Countr 


USA 


Buildl 


Offices 


Occupancy Ventilation 


Not Given Mechanical 


Personal Puap 
w/Ienax, 4 hr 
satples(3S,3NS) 


Concent rations/Conaentt 


Benzene 


ipklnq Non Sawkinq 

2.0ppb t.2ppb 


Chan, et al. 
(1990) 


Clnaan, et al. 
(1989) 


Lewis 

(1991) 


Canada Bowes (12) 


USA 


Not Given 


Office Building Not Given 
(52,000 ft*) 


USA 


Bowes (10) Not Given 


Not Given 


Mechanical 


Tenax/Charcoal 
2 outdoor, 4 indoor 
staples each, 90 win. 
staples, 5-50 liters/ 

staple 


Puip w/Tenax 
Sorbent, GC/MS 


Benzene 


Benzene 


and Avg. (sg/ar) 
Anbient Air 


utdoors/Indoors 12 Hcatei 
(Nov/Dec) Indoor Air 



12 


1-11 


7.3 


5-59 14.0 



Aafcient Air (feb/Mar) Indoor Air 



2-0 


6.0 


7-15 10.6 


Benzene 


1st fl. 

2.0 


.2*.8 ACH SS Canister 

12 hr staples, 
GC/MS 


Concentrations (sfl/ar) 

Pre-Bake-Qut _ Post-Bake-Out 

2nd fl. Plenuw Roof 1st fl. 2nd fl. Plenua 
3 3 1 0.0 1.5 BO 

(BO ■ Below Oetectlon) 


Roof 

BO 


Avg. Indoor Cone. 

H05 

Benzene OUT 11 

IN 2 


Frow outdoor Sources and Indoor Souces (ppbC) 

E5«EllUAIlZE20E26R??ai 

17 20 11 14 15 30 13 15 

-12 10 1-12 1 


lofroth, et al. USA 
(1909) 


Tavern 


people 


100 w 5 


Stainless steel 
canister, GC/MS 



Indoor 
Benzene 27 


Outdoor 

6 


Indoor 

21 


0LA2!!UL 3 

Outdoor (Jig/tf) 

0 


Pled, et al 
(1906) 


USA 


Rowes (26) Not Given Not Given Sums Cam liters 

CC/fID,EC0 


Benzene 


_ Indoor Air (PPBV) Outdoor Air _ 

Sumter Data Winter Data Sumer ft Uinter 

15 Staples 16 Staples 6 Staples Each 

Obs. Mean Range 0 Obs, Kean Range 0 Obs. Mean Range 
15 7.6 0.39-48 16 4.8 0.53-23.6 12 0.57 0.33 0.77 


Proctor 
(1989) 


UK 


Offices (10) 
Trains (20) 


Not Given Not Given 


Puap w/Tenax 
Sorbent, 1 
hr. staples. 


Benzene 


Benzene 


. Mean 
6 


dian Range A. Heai 
3.1 0.6 - 26 11.8 


Offlces(NS) 

12 10 3 - 31 


7.4 


Median Range (jig/wr 
11.6 0.9 - 28.6 



5.1 2.9 - 29.3 


i,0m8£S02 


htlps://ww\vjndustrydocuments.ucsf.eduydocs/hkb |0000 
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Tabic 6. Continued. 


oo 


Proctor, at at 
(1991) 

Compound 


Benzene 


UK 


Proctor, et al. 

UK 

Betting Shops (6) 

See Not Given 

Tenax TA, 3 l/hr. 

Coapound 

N 

Site/smoke 

Pop/spokers 

Oty. Mean (ftq/ar] 

(1989a) 



chart 

briefcase, GC/MS 

Benzene 

3 

A/S 

20/5 

14.3 







2 

B/S 

10/2 

14 







2 

C/S 

7/3 

21 







2 

D/S 

15/5 

18.5 







2 

E/S 

10/2 

18.5 







1 

E/Outside 

Hvy. Traffic 

22 







2 

F/NS 

11/0 

9.5 







2 

f/Outside 

Med. Traffic 

15 

Proctor, et al. 

UK 

Office (1) 265 

ft'Vperson Not Given 

Tenax, 10 ml/min. 



Smokers' 

Office Nonsmokers 1 Office 

(1989b) 




GC/MS, purp 

Compound 


A. Mean 

Median 

A. Mean Median 





Cones in N 9 /nt 

Benzene 


13 

8 

12 10 


Homes ft work 


Varied Varied 


Personal sampler 

24 hour samples, 52 Women 


Smoke/Uork 
Mean Mrdi 


Benge 


Smoke/No work 
Mean Median 


Range 


No smoke/Uork 
Mean Median Range 


No smoke/No work 
Mean Median Range 


All Subjects 
Mean Median 


15.2 13.3 


3.2 45.7 


21.6 13.4 


5.2*103 


60.7 15.5 


Range 


0.7-510 


13.2 10.4 


0.2-32.1 


26.5 12.8 0.2-510 


Sheldon, ct al. 
(1988b) 


Benzene 


USA 


Hospital (t) 
Nursing Home (2) 
Offices (3) 


Not Given Not Given 


Pt«p w/Tenax 
12 hr sample GC/KS 


Martinsburg, WV 

Hospital (new)* 
Trip 1 Trip 2 
(7/84) (10/84) 

1.55 


Mean Concentration (nq/l) 


Trip 3 

15/851 


2.13 


Fairfax, VA 

Office (new) b 
T rip 1 Trip 2 
i V8S ) , J4/8S } 


Worcester, MA 

Nursing Noma (new) c 
Trip 1 Trip 2 
.-W8S1... (8/85) .. 


2.88 


2.74 4.95 


1.70 


2.44 


"Building completed approximately 34 weeks before first monitoring trip. 
"Building completed approximately 1 week before first monitoring trip. 
c lullding completed approximately 4 weeks before first monitoring trip. 


Sheldon, et al. USA 
(1988a) 


Office 
Building (1) 


Not Given Not Given 


Pump w/Tenax 
12 hr sample 
GC/HS 


Washington, DC Cambridge, HA 


Office (old) 
Trip 1 
(8/84)_ 


Office/School 
Trip 1 

_tim-. 


(old) 


Martinsburg, UV 

* 

Nursing Horn (old) 
Trip 1 

W*)_ 


5.61 


4.50 


3.13 


Benzene 


Indoor a 
July 

5 


EssEgamlsa lea/a) b 

Outdoor 

Sept. Dec. ell tripe 

7 7 3 


(*M«an of six 12-hr svgs. et 5 indoor locetlons. ^Mean of 18 12*hr avgs. at one outdoor location.) 


Sheldon, et el. 


USA 


Homes (12) 16 individuals Not Given 24 Hour Samples 


teyi.es 


'-U' 


mn 


(1990) 



w/Tenax, GC/MS 


Outdoor 

indoor 

Personal 






101*1 

1 nzm 

30181 





Benzent 

12*8.6 

8.7*2.6 

11*4.0 

Sterling, et al. 

USA & 

Offices Not Given Not Given 

Not Given 

Compound 

N 

Ranqe 

Median 

(1988) 

Canada 

(see table for 




1 




lumbers) 


Benzene 

27 

NO-1.4 mg/m 

trace 


80£9S8£S02 
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Table 6. Continued. 


Wallace, USA 

(1906) 


Wallace, at al. USA 
(1907) 


Various Not Given 

(TEAM study) 


Not Given 


Personal and 
Outdoor samples 


Populat ion-Weighted Arithmetic Mean Exposures (24 Hour Samples) jig/m* 


Sites 

P£» 

Benzene 

Out 

New Jersey 

Fall 1901 

28. 

9 

Sumer 1982 

NC b 

NC 

Winter 1903 

NC 

NC 

N. Carolina 

9 

12 

N. Dakota 

NC 

NC 

California 

LA:Winter84 

18 

16 

LA:Sprfng04 

9 

A 

CC;Sprlng04 

_L 

2 


•personal Exposure 



Calculated--did not laeet quality control criteria. 


Homs 


Personal Air Exposures-Unweighted Geometric Mean 


Not Given Not Given Personal Puxps w/ 


n 

Benzene 

Tcnax sorbent. 


S NS 

S NS 

12 hr aaaples 

NJ(F) 

153 188 

10 11 

GC/NS 

NJ(S) 

69 75 

HA HA 


NJ(U) 

24 22 

NA HA 


IA(W) 

29 05 

10 14 


LA(SP) 

11 40 

0 7 


AP(SP) 

19 49 

0 7 


Overnight 

Indoor Cone.-Weighted Geometric Mean (pg/ar) 


NJ(f) 

252 94 

16 0.4 


NJ(S) 

111 44 

NA NA 


NJ(W) 

37 12 

HA HA 


IA(W) 

56 58 

17 11 


LA(SP) 

23 20 

4.0 4.5 


AP(SP) 

35 33 

4.9 4.4 


F-Fall S> 

‘Sumter 

W^UInter SP-Sprlng 


Ueschler, et al. USA 
(1990) 


Office 

iultding 


Not Given Hot Given 


Passive Seaplers 

VOC (pg/m 3 ) 

Building 2 on 4th Floor During Four Sampling Periods 

4 Periods During 


6/25/07- 

9/9/07- 

11/6/07- 

3/3/80- 

1 tear 


7/16/07 

io/ 1 /ay 

12/4/07 

3/15/00 


Benzene 

NO 

NO 

1.3 

♦ 

HD 


60S9B8AS0S 


o 


Source: https^’www.industrydocuments.ucsf.edu/docs.'hkbjOOOO 
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Table 7. Nitrosaminei measured under realistic 



Author l Pate Country Building Type Occupancy Ventilation Sampling 


Concent rot ioos/Coaments 


Hof (own, tt at. USA & Various 
(1987) Austria 


Not Given Not Given 


Puap u /liquid 
traps, GC/TEA, 

1-4 hr continuous 
samples 


Train-lar 
Bar 

Sports Hail 
Betting Parlor 
Residence, NS 
Office 
Conference Rooai 
Work Room 
Restaurant 
Dance Hall 


mm 

NDEA 

1.11-0.13 

NO 

0.24 

NO 

0.09 

NO 

0.05 

MD 

<.003 

NO 

0.03 

0.03 

0.02-.033 

0.02 

0.023 

0 

0-0.05 

0 

0.07 

0.2 




Stehilk, at a(. Austria 
(1982) 


Offices 

Restaurants 

Bars 


see chart Not Given 


Punp w/liquid traps. 

Room 

Room Type 

M of 

Tobacco Consulted NONA 

ROEA 

GC/TEA, 1-4 hr 

site 



_(ng/U (nq/U 

continuous samples 

207a? 

Working Room 

7 

Continuous (2hr) 0.024 

ID 


301 

Conference Room 

15 

26 clg., 1 pipe 0.031 

6 cigarillos (2hr) 

ID 


70 

Office 

6 

27 clg. (2hr) 0.03 

0.03 


50 

Sat. Conf. Room 

12 

37 clgs., 4 pipes 0.02 

3 cigars (2hr) 

0.02 


120 

Suburban Rest. 

20 

20-30 clgs, 2 pipes 10 
(2hr) 

BD 


160 

Vienna Rest. 

23 

20 clgs., (Ihr) 0.01 

BO 


180 

Vienna Rest. 2 

25 

25-30 clgs., (1hr)0.04 

10 


160 

Vienna Rest. 3 

23 

15-20 clgs., (1hr)0.05 

ID 


320 

Dancing Bar 

30-70 

Not Detena.(4hr) 0.07 

0.2 


0TS9£8iS0S 


Source: https^’www.industrydocuments.ucsI.edu/docs/hkbjOOOO 
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Tabic 8. PHA measured under realistic conditions. 


Author t Date Country Building Type Occupancy Ventilation Sampling 


Concent rat iom/Coareents 


U.S. EPA 
(1988) 


USA 


Homes (8) 


Not Given Not Given 


Dafsey, at al. 
(1989) 


USA 


Homes (7) 


Not Given 


(Selected PAH 


HOME (ng/«T) 
asured in living 


A. Mean 


) 


Pimp w/XAD-4 

Compound 

IMS 

2S 

3S 

4S 

5S 

6S 7NS 

8HS 

S 

NS 

Sorbent, CC/HS 

Naphthalene 

800 

1100 

1100 

1100 2200 4200 1800 

880 1940 

1160 

8 hr Samples 

Acenaphthylene 

18 

37 

17 

48 

120 

59 10 

8.9 

56 

12 


Phenanthrene 

71 

87 

80 

200 

210 

110 59 

86 

137 

72 


Fluoranthene 

7.6 

8.6 

6.5 

19 

23 

6.4 7.2 

12 

13 

9 


Pyrene 

4.6 

5.2 

4.0 

11 

17 

9.5 5.6 

7.4 

9 

6 


Bemo(e)pyrene 0.74 

3.2 

1.3 

3.7 

10 

6.5 0.68 

1.4 

5 

1 


Bemo(a)pyrene 0.28 

1.2 

0.34 

1.4 

3.3 

1.4 0.31 

0.83 

1.5 

0.47 


Gufnoline 

9.4 

240 

76 

480 

1100 

300 23 

9.1 

439 

13.8 

Pimp w/Tefton 

Icoquinolina 

House Uood 

21 

140 

34 

300 

620 

PAH 

170 35 

(ng/m 3 > 

16 

253 

24 


coated fiberglass 
filter, 48 hr 
samples 


102 


106 


108 


203 


204 


208 


300 


burning 

♦ 


FLU 

1.18 

0.32 

0.58 

0.96 

0.11 

0.81 

0.07 

0.16 

0.09 

0.65 

0.07 

0.18 

0.50 


PYA 

0.47 

0.98 

0.62 

0.70 

0.50 


•CP 
0.48 
0.41 
0.65 
0.42 
0.38 
0.03 <0.06 
0.58 0.95 
0.14 <0.06 <0.007 
0.02 0.14 0.10 
0.22 0.07 
0.65 1.36 
0.05 <0.06 
1.53 0.31 
0.31 0.43 


•IF 

0.52 

0.24 

0.68 

0.11 

0.40 

0.04 

0.51 


BKF 

0.24 

0.10 

0.29 

0.04 

0.19 

0.02 

0.21 


■AP 

0.66 

0.17 

1.24 

0.11 

0.43 

0.03 


IGHIP 

1.23 

0.15 

6.20 

0.33 

0.08 

0.75 


I NO 

1.77 

0.12 

3.54 

0.16 

1.06 

0 . 


0.02 

1.22 

0.009 

0.27 

0.04 


0.007 <0.009 <0.01 <0.02 
0.03 0.07 0.12 0.20 

0.01 <0.009 0.02 0.03 
0.48 1.34 0.87 2.23 

0.005 <0.009 <0.01 <0.02 
0.09 0.33 0.25 0.39 

0.02 0.02 0.10 0.14 


TOTAL 

6.1 

3.4 
13.5 

2.4 

4.5 
0.4 
5.2 
0.3 
0.8 
0.5 
8.8 
0.2 
3.4 

1.6 


(FlU»Fiuoranthene, PYA»Pyrene, •EP>Btnzo<«)pyrene f B8F*Benzo(b)fluoranthene, BKF-Bemo(k)fluoranthene, BAP*Benio(a)pyrenc, BGHtP»Befuo(ghl)peryl«ne, |N0*lndenco( 1,2,3,- 
cd)pyrene) 


Grlmtrud, et at. 

USA 

Office 

Not Given Not Given 

Gravimetric PH3.0 



Mean Concentration 

B(a)P (ng/m 3 l 

(1990) 


Buildings (40) 

126 ASP samples 


Hon smoking Areas 0.4 






analysed for B(a)P 


Smoking Areas 

1.1 


Lloy, et al. 

USA 

Homes (4) 

Not Given Not Given 

PH10 extraction Home 

N 

% 

B(a)p G. Mean Maxlmua (nq/m 3 ) 


(1987) 




1 

14 

0.5 

4.8 






2 

13 

1.1 

4.4 






3 

.4 

0.8 

2.3 






6 

13 

0.3 

1.4 


Ualdrnm, et al. 

USA 

Homes 

Not Given Not Given 

PH10 extraction BaP Aange 

nd - 8.6 ng/m 3 



(1989) 
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receive would provide an independent assessment as 
to whether these health claims are realistic. 

Dose: Dose is defined as the amount of a substance 
that actually enters the body. For airborne materials 
the dose is a function of the concentration of a 
substance, the duration of exposure, the rate of 
respiration, and the percentage of material potential¬ 
ly retained by the lungs. 

Concentration: Concentrations of RSPs were deter¬ 
mined as the mean difference between nonsmoking 
and smoking conditions as shown in Table 9. 
Duration of exposure: In order to determine the dura¬ 
tion of exposure in each of the five categories, data 
on time activity patterns were needed. Though there 
were several references available describing studies 
which performed time/activity surveys of one type or 
another, there were few that were adequate. The re¬ 
quirements that needed to be met included: 

1. Data needed to be American or Canadian 

2. Study needed to be of adults 

3. Study could not be of select subpopulations 

4. Study needed to include most of the entire day. 

Five publications met the four chosen criteria 
(Jenkins et al. 1990; Juster and Stafford 1990; Shaw 
1983; Spengler et al. 1985; Szalai et al. 1972). Each 
author’s activity categories were allocated to one of 
the following locations that were chosen to match 
exposure categories used for the literature review. 


lm 

Homm, avake —-—-— - 


A m 



J • 

A 

Public Transportation 


^ • 


£ 

IN • * WiU*tn W 


• • 

7 


$ 

« « 

t. 

t poulaw ^ 

Outdoor - 

(mimilar to offiem «nvironB«nt) 


Time allocations for each category were then 
averaged to produce an average day based on the five 
studies reviewed. Time spent in each category is 
expressed separately for males, females, employed, 
and unemployed persons. Time spent in each activity 
category is expressed in minutes per day and hours 
per day averaged over seven days per week. If the 
average day did not add up to 1440 min (24 h), each 
category was adjusted by the percentage of the error 
to produce a 24-h day. 

There were fewer data available regarding em¬ 
ployed/unemployed time activity patterns than for 
male/female time activity patterns. Because of 
this, it was necessary to subdivide some authors* 
categories into more than one of the five chosen for 


Ttble 9. Mein respirable piracies jig/m* in smoking ind nonsmoking irets in real-life situations. 


Dlff.in 


Cateaorv # of Studies 

N 

Smoking 

Hem __Ranoe__ 

Honsmoking 

. _N_Mean_Rinse_ 

Hems 

S - NS 

Homes 

14 

951 

49.5 

17-212 

905 

22.3 

7-77.1 

27.2 

Offices and 
Public Places 

24 

805 

67.7 

12-2700 

640 

45.9 

nd-240 

21.8 

Restaurants 

11 

257 

131.5 

nd-685 

335* 

89.7 

c 

41.8 

Bars/Taverns 

4 

9 

103.7 

c 

c 

c 

c 

103.7* 

Trains 

1 

20 

216 

70.8-325 

20 

186 

63.3-450 

30 


i - The seen Is calculated by weighting the mein values in each study based on 
sample size and the calculating an overall arithmetic Man. If actual values for 
nonsmoking or smoking areas were not given, but UVPH values were available, the 
UVPH values were utilized In obtaining the weighted Mans. For example, if a 
total RSP mean value and UVPH Man value were available for a smoking area but 
not for a nonsmoking area, a nonsmoking area value was obtained by subtracting 
the UVPH value from the total RSP value. 


b - Oerived from total RSP-UVPH. 


c - No ranges available; no data available. 

d - Some of this RSP would be due to sources other than tobacco smoke. If 
properties are similar to restaurants, this Man would be approximately 48.3. 



<! 

QO 
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OS 
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Table 10. Carbon monoxide concentrations (ppm) in smoking and nonsmoking areas in real-life situations. Conversion factor: Ippm = 


Citecorv ! 

No. of 

N 

1.15 mg/m\ 

Smoking 

Hem Rmoe 

N 

Nonsmoking 

Mean Rang# _ 

Diff.in 
Hems 
S - NS 

Offices end 

13 

697 

2.95 

0.1-8.7 

275 

2.99 

0.7-4.0 

-0.04 

Pub!ic Bldgs 

f 








Restaurants 

s 

107 

3.6 

0.4-9.0 

— 



— 

Taverns/Bars 

z 

5 

6.4 


—- 


— 

— 

Trains 

2 

18 

2.2 

1.0-5.2 

30 

1.30 

0.5-2.9 

0,90 

Buses 

1 

35 

6.0 

3.7-10.2 

—. 

— 


— 

Autos 

1 

— 

— 


213 

11.6 

8.8-22.3 

— 

Homs - Very 

little 

information on homes 






Yuli 1 till. (1989); 76 hemes, 0.7 Man, rang* 0-4.0 
No data on smoking or nonsmoking. 


Table 11. Nicotine concentrations (jig/m 1 ) in smoking and nonsmoking areas in real-life situations. 




Smoki 

a 


Nonsmokino 

c>tgoorv 

No. 

Sample 

Sites 


No. 

Sample 

Sites Hem Ranae 

Offices end 
Public Bldgs. 

14 

673 

6.2 NO-69.7 

5 

+ 

270 0.3 0.1-2.1 

Restaurants 

10 

390 

5.7 0-37.2 



Tavems/Bars 
Betting Shops 

4 

17 

19.1 3-65.5 

1 

2 1.2 0.4-2.0 

Homes 

1 

93 

3.7 0.1-12.0 

3 

28 0.29 0-1.0 

Trains 

1 

20 

15.3 0.6-49.3 

1 

20 4.5 0.5-21.2 


this review. To do this, the proportion determined 
from the male/female time activity pattern was used 
to divide that author’s category. For example, time at 
home for employed and unemployed persons was 
determined by Spengler et al. (1985) but not divided 
into waking and sleeping time. The amount of time 
determined to be spent sleeping in the male/female 
time allocation was subtracted from Spengler’s home 
time to produce home-awake and home-asleep values 
for employed/unemployed persons. The time activity 
patterns calculated from the literature are listed in 
Tables 12 and 13. 

Respiration rates: Respiration rates were taken from 
Rosenblatt et al. (1982): 

1) Adult male, light work—28.6 L/min (1.7 m 3 /h) 

2) Adult male, resting —7.43 L/min (0.4 m 3 /h) 

3) Adult female, light work—16.3 L/min (1.0 

m 3 /h) 

4) Adult female, resting—4.5 L/min (0.3 m 3 /h). 


These figures assume 16 h of rest and 8 h of light 
work per day, and are in agreement with those from 
other sources (USEPA 1989). 

An average of approximately eight hours per day 
is spent sleeping. This leaves eight waking hours per 
day spent at Tight work” and eight hours spent Test¬ 
ing". Since no single activity period is likely to be 
all "light work" or all "resting", the two values were 

t * 

averaged to produce a respiration rate for "awake". 
These values are as follows: 

Male, awake—1.05 m 3 /h 
Male, asleep—0.4 m 3 /h 
Female, awake—0.65 m 3 /h 
Female, asleep—0.3 m 3 /h. 

Retention efficiency : Retention efficiency for side- 
stream smoke particles has been reported by Hiller 
etai. (1982, 1987) to be 11%. 


Results of dosimetric calculations 

In any exposure situation, the retained dose may 
be calculated by the following equation: 


Source. httpsi/Aww 


w.indusIrydocuments.ucst.edu/docs.'hkbjOOOO 
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r i 

L ^ 


r i 

L ^ 


Dose « Concentration x duration x respiration rate 
x % retention. 

Concentration is the concentration of RSP measured 
in the various categories of exposure- in Table 9. 

Duration for that category is taken from the time/ac¬ 
tivity tables (Tables 12 and 13). 

Respiration rates are calculated from Rosenblatt. 
The "home, asleep" category is given the resting 
respiration rate. Ail other categories are assigned the 
"awake” respiration rate. 

Percent retention is 11% as calculated by Hiller. 

Exposure to ETS can come in any number or com¬ 
bination of situations. To estimate the breadth of 
possible ETS exposures, doses of ETS have been 
calculated for four different scenarios: 

1) Male and female—exposed at home, in res¬ 
taurants, bars and other public places, but not at work 
or while traveling. This essentially calculates the 
ETS exposure one may expect during nonworking 
hours. 

2) Male and female—exposed only at work and 
while traveling (assume all transportation by train). 
This will produce a conservative estimate of occupa¬ 
tional exposures. 

3) Worst case exposure, male and female—exposed 
at home and while traveling, works in a bar and is 
also exposed in other public places (assumes use of 
the average exposure values). 

4) Employed vs. unemployed males—exposed in 
all facets of life, employed person works in office 
environment. Employed and unemployed females would 
be essentially the same but with different respiration 
rates. 


The calculations for each are as follows: 

1) Male and female—exposed at home, in res¬ 
taurants, bars and other public places, but not at 
work or while traveling. Dose * (concentration; 
home x duration; awake x respiration rate; awake 
x retention) + (concentration; home x duration; 
asleep x respiration rate; asleep x retention) + 
(concentration; restaurant x duration x respiration 
rate x retention) + (concentration; bar x duration x 
respiration rate x retention) + (concentration; of¬ 
fices, x duration; other, public x respiration rate x 
retention). 

Male Dose * (27.2 x 6.4 x 1.05 x 0.11) + (27.2 x 7.5 
x 0.4 x 0.11) + (41.8 x 0.5 x 1.05 x 0.11) + (103.7 x 
0.8 x 1.05 x 0.11) + (21.8 x 1.6 x 1.05 x 0.11) 

Male Dose = 45.11 p.g/day, 16.46 mg/y 

Female dose = (27.2 x 8.7 x 0.65 x 0.11) + (27.2 x 
7.8 x 0.3 x 0.11) + (41.8 x 0.4 x 0.65 x 0.11) + (103.7 
x 0.9 x 0.65 x 0.11) + (21.8 x 1.6 x 0.65 x 0.11) 

Female Dose = 34.28 jig/day, 12.51 mg/y 

2) Male and female—exposed only at work and 
while traveling. 

Male Dose * 17.19 p.g/d, 6.27 mg/y 
Female dose * 6.94 p.g/d, 2.53 mg/y 

3) Maximum exposure, male and female—exposed 
at home and while traveling, works in a bar and is 
also exposed in other public places. 

Male Dose * 108.65 jig/d, 39.66 mg/y 
Female Dose = 57.62 jig/d, 21.03 mg/y 



Source: https^/www.industrydocuments.ucsl.edu/dc 


2057826214 
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4) Employed vs. unemployed males—exposed in 
all faceis of lifestyle, employed person works in 
office environment. 

Employed Male Dose * 60.06 \xg /d, 21.92 mg/y 
Unemployed Male Dose = 62.34 p.g/d, 22.76 mg/y. 

There are several chemical and exposure pat¬ 
tern differences between direct smoking and ETS 
exposure. However, expressing ETS exposure in 
cigarette equivalents is one way to develop a sense 
of the magnitude of exposure. 

Arundel et al. (1988) has calculated a retained 
dose of particles of 10.56 mg/cigarette and 8.48/mg 
cigarette for male and female direct smokers, 
respectively. Using these figures, the dose in cigarette 
equivalents of particles for each of the four exposure 
scenarios becomes: 

1) Exposed at home, in restaurants and in bars: 
Male—1.56 cigarette equivalents per year 
Female—1.48 cigarette equivalents per year. 

2) Exposed at work and travel only: 

Male—0.59 cigarette equivalents per year 
Female — 0.30 cigarette equivalents per year. 

3) Maximum, works in a bar, exposed in all facets 
of life: 

Male—3.76 cigarette equivalents per year 
Femaie—2.48 cigarette equivalents per year. 

4) Employed vs. unemployed males: 

Employed—2.08 cigarette equivalents per year 
Unemployed—2.15 cigarette equivalents per year. 

Clearly, such calculations of cigarette equivalents 
have little or no relevance to any assessment of the 
potential risk from exposure to ETS. The mainstream 
smoke particles inhaled during the act of puffing on 
a cigarette will be quite different from ETS particles 
in terms of their precise chemical composition, their 
size distribution and the route in which they are taken 
into the body. However, the calculation of cigarette 
equivalents does at least allow a subjective impres¬ 
sion of the relative doses involved in active smoking 
compared to everyday exposure to ETS. 

DISCUSSION 

Indoor air and ETS review 

Respirable particulate matter: Table 9 shows the 
mean RSPs in smoking and nonsmoking areas in 
real life conditions. The mean differences between 
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nonsmoking and smoking conditions are 27.2 p.g/m 
for homes, 21.8 for offices and public facilities, 41.8 
for restaurants, in excess of 48.3 for bars and taverns, 
and 30 for trains. 

Carbon monoxide: Table 10 shows carbon monoxide 
concentrations (ppm) in smoking and nonsmoking 
areas in real life conditions. In offices, where the 
data allowed for a smoking/nonsmoking comparison, 
the mean difference was 0.28 p.L/L (0.32 mg/m 3 ). 
Because of the magnitude of this difference com¬ 
pared to the mean levels measured and ranges 
reported, the significance of this difference must be 
questioned. There are essentially no data since 1982 
on nonsmoking conditions in restaurants or bars. The 
slightly higher levels in these areas indicate that 
smoking may account for at least part of the CO. 

There is little information on CO in homes. Yuill 
and Comeau (1989) report on home CO, but they do 
not indicate whether smoking was present. 

The information on CO levels in transportation 
vehicles indicates little difference between smoking 
and nonsmoking areas on trains. Buses have higher 
levels (6.0 p.L/L; 6.9 mg/m 3 ) of CO; but from the 
information presented it is impossible to determine 
if the concentration is affected by tobacco smoke 
or by vehicle exhausts. The higher level of CO 
(11.6 |iL/L; 13.3 mg/m 3 ) in autos where no smoking 
took place indicates that the impact is from vehicle 
exhausts (Flachsbart et al. 1987). 

Nicotine: Table 11 shows nicotine concentrations 
in smoking and nonsmoking areas. Nicotine, as ex¬ 
pected, is considerably lower in concentration in 
nonsmoking compared to smoking areas. The means 
of 6.2, 5.7 and 3.7 p,g/m 3 for offices and public build¬ 
ings, restaurants and homes, respectively, where 
smoking occurred, are extremely low exposures com¬ 
pared to the levels of many other volatile and semi- 
valatile substances found in indoor air. Smoking 
sections of trains are slightly higher and, as ex¬ 
pected, bars and taverns exhibited the highest 
mean levels (19.1 |ig/m 3 ). 

Nitrogen dioxide: Most studies which measure 
nitrogen dioxide (NO 2 ) in the indoor environment 
evaluate the effect various appliances, such as gas 
stoves or kerosene heaters, have on NO 2 concentra¬ 
tions. Only three studies attempted to evaluate the 
impact of ETS on NO 2 levels in homes (Dumont 
1986; Good et al. 1982; Hosein et al. 1985). Houses 
where smoking occurred had approximately 3.0 
|j.g/m 3 higher nitrogen dioxide levels than houses 
with no smoking. There are no studies which 
evaluate the effect of ETS on NO 2 levels in offices, 
restaurants, bars, or transport vehicles. 
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Formaldehyde: There is a substantial amount of 
information regarding formaldehyde levels indoors. 
However, little of it evaluates the potential effect of 
ETS on formaldehyde levels. Of the literature reviewed, 
one study of 41 homes (Stock 1987) and one study of 
two office buildings (Hedge et al. 1990) compared 
formaldehyde levels to smoking status. The residen¬ 
tial study found no increase in formaldehyde levels 
with increased levels of smoking. The office study 
found approximately a 10 nL/L (12.3 jig/m 3 ) increase 
in formaldehyde levels in. a designated smoking 
area over a nonsmoking area of one building. How¬ 
ever, there was no difference between the designated 
smoking area in one building and another non¬ 
smoking building. Because of the limited number of 
samples and the number of confounding sources for 
formaldehyde these results must be interpreted with 
caution. 

Benzene: Five studies contained benzene data in 
smoking and nonsmoking areas (see Table 6). In two 
of these studies, nonsmoking areas reportedly 
had higher concentrations of benzene. In three 
studies, nonsmoking areas had lower concentrations 
than smoking areas. The differences are minimal, 
especially when outdoor concentrations also are con¬ 
sidered. 

The assumption was made that in studies where 
smoking/nonsmoking was not reported by the author, 
that there was some smoking occurring. Where smok¬ 
ing is assumed to take place, the highest mean level 
recorded was 15.7 p.g/m 3 . However, in nonsmoking 
areas the highest mean was 60.7. In summary, there 
are few data to support a conclusion that smoking has 
a significant impact on benzene concentration in of¬ 
fices. 

The data on benzene in homes suggest that smok¬ 
ing homes have a higher concentration than non¬ 
smoking homes by approximately 3.5 p.g/m 3 . It is 
difficult to separate home-only data from personal 
exposure monitor data except for two studies where 
indoor air benzene ranges from 4.8-14.8 p.g/m 3 . The 
one overnight study in homes by Wallace et al. (1987) 
shows an increase of approximately 3.1 ng/m 3 in 
smoking homes vs. nonsmoking homes. 

There are few data on benzene on public transpor¬ 
tation, A paper by Proctor (1989) on 20 trains shows 
a slightly higher mean concentration of benzene in 
smoking versus nonsmoking areas. The mean dif¬ 
ferences are small. 

Poly aromatic hydrocarbons (PAH’s) and nitrosamines: 
PAH’s are commonly found in indoor air. Except for 
naphthalene, quinoline, and isoquinoline, the levels 
measured are in the low ng/m 3 range (Table 8). Few 


studies have compared PAH levels in smoking and 
nonsmoking environments. The two studies in this 
review which have compared smoking/nonsmoking 
areas indicate that between 50% and 80% of the con¬ 
centration of various PAHs may come from tobacco 
smoke. Because of the paucity of data, this must be 
interpreted with caution. The presence of these sub¬ 
stances has also been documented in wood smoke, 
automotive exhaust, foods, alcoholic beverages, and 
cosmetics (NTP 1989). 

Two studies have reported the presence of N- 
nitrosodiethylamine (NDEA) and N-nitrosodimethyl- 
amine (NDMA) in smoke-filled rooms (Table 7). These 
are not tobacco-specific nitrosamines. The lack of 
reported background levels and the unusually high 
level of smoking prevents the evaluation of ETS 
contribution to these substances. Other nitrosamines 
reported to be found in tobacco smoke have either 
not been monitored or not been reported in ambient 
air where ETS is present. 

The U.S. Surgeon General (1986) and NRC (1986) 
reports include summary tables of known or suspect 
human carcinogens present in concentrated side- 
stream and mainstream tobacco smoke. Concentrated 
sidestream and mainstream tobacco smoke are not 
representative of ambient air ETS because the con¬ 
centrated smoke is subject to dilution in ambient air, 
removal by sinks or filtration, and possible transfor¬ 
mation (Reasor 1987). 

Based on current literature, it appears that ETS has 
an effect on the levels of nicotine and respirable 
particles in an indoor environment. There also is a 
slight increase in NOx levels in the presence of ETS. 
ETS appears to have less effect on the levels of 
carbon monoxide, formaldehyde, or benzene. 

Odor and irritation: Studies by Cain et al. (1987), 
Weber (1984), and Weber and Grandjean (1987) 
indicate that levels of ETS which produce carbon 
monoxide concentrations below 1.5-2.0 p.L/L 
(1.7-2.3 mg/m 3 ) also will be acceptable to 80% or 
more of the occupants in terms of irritation, odor, and 
overall quality. Where a moderate amount of smok¬ 
ing occurs, this level is unlikely to be approached. 
This conclusion is reflected in ASHRAE Standard 
62-1989 (ASHRAE 1989), which does not separate 
smoking and no-smoking areas in terms of recom¬ 
mended ventilation rates. 

It is possible that the 1.5-2.0 |iL/L (1.7-2.3 mg/m 3 ) 
level of carbon monoxide may be exceeded in some 
cases. This would occur either in heavy smoking 
situations, such as those found in bars or smoking 
lounges, or where inadequate ventilation occurs. 





Source: httpsi//www.industryd 
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Dosimetric calculations 

One can calculate the doses of RSP retained from 
ETS. This ranges from approximately 3 mg/y for 
a female exposed only at work to approximately 
40 mg/y for a male exposed in all facets of his life. 
Occupational exposure is only a minor portion of 
total exposure in most cases. Exposures in one’s 
private life may produce the largest retained dose of 
ETS particulates. 

For exposures received while in transit, it was 
assumed that all transit time was spent in the smoking 
section of trains. Actual time allocation data (Jenkins 
et ai. 1990) indicate that only 5% of travel time is 
spent on public transport. It is believed that when 
traveling by auto, nonsmokers will generally choose 
to travel with other nonsmokers. There are no data 
comparing particulate levels in autos where smoking 
occurs to levels were there is no smoking. However, 
carbon monoxide levels of 8.8-22.3 p.L/L (10.1- 
25.6 mg/m 3 ) found by Flachsbart et al. (1987) sug¬ 
gest that exposures in automobiles come primarily 
from vehicle exhaust and not ETS. Thus, the choice 
of trains as a surrogate for ETS exposure while in 
transit is conservative. 

The estimated mean RSP dose of exposure to the 
population of nonsmoking adults is based on the 
difference between smoking and nonsmoking en¬ 
vironments. There is a possibility that a person could 
be exposed to the high end of the range of RSPs as 
reported in the literature. The likelihood is that the 
bulk of the RSPs in those situations would be from 
sources other than tobacco smoke. 

Persons also may be exposed to the upper limits of 
ETS—derived RSP ranges. Generally, these are for 
short time intervals. The mean difference values for 
the various categories of exposure should reflect the 
overall minimum and maximum exposure such 
that the total dose for the year would be included. 

Attempts to calculate increased risk or excess mor¬ 
tality from lung cancer (Repace 1985; NRC 1986) 
and heart disease (Wells 1988; Glantz and Parmley 
1991) reportedly resulting from ETS exposure are 
not uncommon. These calculations, however, rely 
almost exclusively on epidemiologic studies that have 
no adequate measure of exposure or dose. Such studies 
are known to be subject to problems of bias (Lee 
1987) and confounding factors (Koo et al. 1988) 
which have not been taken adequately into account. 

One of the paradigms of toxicology is that the 
magnitude of the dose determines the response. Com¬ 
paring the dose one may receive from ETS to the 
magnitude of claimed health effects provides one 
measure of the accuracy of those claims. 


Other studies that have calculated ETS dosage 
(Arundel et al. 1988) have reported values similar to 
those calculated here. They also have found wide 
discrepancies between the level of risk calculated by 
the epidemiology studies and that which can be sup¬ 
ported by dosimetric calculations. Wells (1991) and 
Repace and Lowrey (1991) have both attempted 
to address this discrepancy. Wells argues that the 
majority of the M tar M fraction of ETS may be in the 
vapor phase. He claims that this vapor phase would 
be retained 100%, producing the majority of the dose 
one would receive. Thus, he suggests that particles 
are not an accurate measure of ETS dose. However, 
the compounds he lists as candidates for vapor phase 
tar components are not convincing in terms of their 
potential human health effects. They also are sub¬ 
stances that have only been measured in con¬ 
centrated sidestream and mainstream smoke, not 
ambient ETS. Until levels of these compounds are 
actually shown to increase in the presence of ETS, 
his argument must be considered speculative. 

Repace and Lowrey (1991) calculate a daily in¬ 
haled dose of ETS particles between 1.4 and 14 mg/d. 
Calculations based on literature values of ETS con¬ 
centrations from this paper indicate an inhaled dose 
of between 0.1 and 0.06 mg/d. When one considers 
that only 11% of these particulates are retained, the 
actual dose becomes 0.01 to 0.006 mg/d or 1/140 to 
1/233 of the dose claimed by Repace and Lowrey. 

Until the problems of confounding and bias in the 
epidemiology studies are resolved, dosimetric con¬ 
siderations can be the only independent confirmation 
of the accuracy of their claims. At this point, it can 
only be concluded that the estimated dose of ETS one 
can be expected to receive does not support the health 
risk claims being made by USEPA (1990) and others. 
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In order to provide information on levels of environmental tobacco smoke (ETS) in office 
environments during 1989, a total of 585 offices was sampled for a number of factors, including 
respirable suspended particles (RSP), nicotine, carbon monoxide, carbon dioxide, room size, 
average number of room occupants, and number of cigarettes consumed. Each data set was 
collected over a one-hour sampling period. Discriminant analysis of the data collected showed a 
group of rooms used for light smoking (59.9% of total smoking rooms) was not significantly 
different from the nonsmoking rooms, in terms of the variables which contributed to the predictive 
ability of the model (RSP and nicotine). These light-smoking rooms overlapped somewhat with 
the heavy-smoking rooms, suggesting other variables not measured here might contribute to this 
model, such as air change rates or outside air intake volumes. This leads to the possibility that a 
range of smoker densities could be established inside which indoor air quality will not be 
significantly affected, thus reflecting the American Society of Heating, Refrigerating and Air 
Conditioning Engineers (ASHRAE) Standard 62-89, which shows that with good ventilation 
acceptable air quality can be maintained with moderate amounts of smoking. Statistical analysis 
also showed overall levels of ETS in offices to be considerably lower than estimated in work 
ten year* previously, and that carbon monoxide is only weakly influenced by smoking activity. 
Carbon dioxide measurements taken in each room did not correlate significantly with RSP, 
nicotine, or carbon monoxide, and there were significant relationships between smoker density, 
RSP, and nicotine, respectively. 


INTRODUCTION 

Given the present-day concerns in the U.S. society 
about exposure to environmental tobacco smoke 
(ETS), it is important that measurements used to 
assess exposure to this substance are representative 


of conditions existing in modern office environ¬ 
ments. 

Numerous studies have measured levels of various 
components of ETS in both the home, workplace, and 

other public places. Repace and Lowrey (1980, 1982) f'S 
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presented results of field measurements made in non¬ 
office environments (bars, restaurants, bingo games, 
dinner dances, bowling alleys, sports arenas, waiting 
rooms, etc.), as well as experimental results in office 
type environments with high smoking rates (32 cigaret¬ 
tes smoked in 49 min). Respirable suspended par¬ 
ticles (RSP) levels were found as high as 697 jig/m 3 
in the non-office environments. In some office ex¬ 
perimentation, an equilibrium of 1947 p.g/m 3 of RSP 
was attained with a time constant (t) of 14 min. They 
used data from these two papers to derive a mathe¬ 
matical model to estimate average RSP concentra¬ 
tions of 200 p.g/m 3 in office environments where 
smoking was allowed (Repace and Lowrey 1987). 

These papers are frequently referenced by other 
workers, and were extended by Repace and Lowrey 
to compute a "quantitative estimate of nonsmoker 
lung cancer risk from passive smoking" (1985a), and 
then "an indoor air quality standard for ambient tobac¬ 
co smoke based on carcinogenic risk" (1985b). Refer¬ 
ences to one or both of the first two papers are found 
within much literature on the subject of ETS that has 
been published since (Collishaw et al. 1984; Samet 
1988; Meisner et al. 1989; Wells 1986; Sterling 1982; 
Wells 1989). These include some papers published as 
recently as 1989. In addition, the U.S. Environmental 
Protection Agency (USEPA 1990) currently includes 
references to these two papers in their Draft Guide to 
Workplace Smoking Policies. This document has not 
been formally released however, and is still in the 
review process. 

There are no data in these papers on field measure¬ 
ments of ETS in office workplace environments; how¬ 
ever, they have been referenced in many cases to 
argue that ETS is the major particulate component of 
indoor air, and hence smoking should be eliminated 
from the office environment. At present, research 
that measures components of ETS in discretionary 
smoking office environments has been limited—most 
studies contain small data sets thereby preventing 
precise statistical analyses. Examples of these rela¬ 
tively small scale ETS studies focusing on RSP where 
smoking was discretionary include Meisner et al. 
(1989), where RSP ranged up to 80 jig/m 3 , with a 
mean of 34 p.g/m 3 . Also, Sterling et al. (1987) reported 
mean RSP levels of 37 ng/m 3 in smoking permitted 
areas in their Building Performance Database (BPD). 
Finally in this vein, Oldaker (1990) measured RSP 
levels in a range of offices and reported mean RSP 
levels of 126 pg/m 3 (mean Ultra Violet Particulate 
Matter [UVPM] levels of 27 p.g/m 3 ). In any case, 
overall ETS levels have likely changed during the 


past decade due to improved ventilation rates and 
changing patterns of smoking in the U.S. 

There is still a need for more study on all aspects 
of ETS in modem offices where smoking is allowed, 
especially in a larger variety of office environments 
sampled with the same methodology to highlight the 
influencing factors. 

In an effort to provide contributory data on ETS 
components in office atmospheres, and to build on 
our understanding of which factors influence ETS 
levels, this study sets out to measure a series of 
parameters related to, or influencing, ETS in a very 
large sample of offices, using idenrical methodology 
in each. This provides us with up-to-date information 
on ETS in contrast with the data collected a decade 
previously. 


METHODS AND MATERIALS 

Obstacles which have prevented the collection of 
data as extensive as this before may have been: a) 
cost—since travel to and time in each office building 
constitutes a significant portion of a budget for this 
work; and b) access to each building. (Unless build¬ 
ing owners or employers see some personal benefit, 
they are unlikely to allow their staff or tenants to be 
disturbed for air sampling exercises.) Each building 
requires individual persuasive visits allowing tech¬ 
nicians into the building. This would normally be a 
prohibitive effort if the objective is to sample from 
hundreds of buildings. 

Both cost and building access problems are eased 
by the nature of the indoor air diagnostic work routine¬ 
ly conducted by HBI. Access to many buildings is 
negotiated during the course of indoor air surveys 
allowing the ETS study to be added on to each routine 
indoor survey, with additional expense limited to a 
brief extra time period and analytical costs. In this 
manner, it was possible to survey several hundred 
buildings within practical cost constraints and without 
access difficulty. 

During the visit to each building, the primary in¬ 
door air survey includes, as a minimum, visual in¬ 
spections of the internals of each air handling system 
and measurements for a range of air contaminants 
throughout the building space. This survey is separate 
from the ETS study each building was subjected to, 
and no efforts are made in this paper to coordinate 
the results from the main air quality survey and the 
ETS studies. 

The nature of this process dictates the buildings 
which were surveyed. Some were surveyed because 
of indoor air quality complaints by occupants. The 
majority were sampled, however, during the course 
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of routine proactive monitoring visits to buildings 
perceived as generally healthy. We have no reason to 
suspect the buildings in this sample are not 
representative of office buildings throughout North 
America. 

Unoccupied areas of buildings (e.g., areas under 
renovation), garages, stairwells, industrial areas, and 
outside terraces were avoided, although cafeterias 
and some areas designated as smoking lounges were 
included. A minimum of two ETS sample sets were 
taken in each building, and while it cannot be claimed 
that the occupants were unaware of the sampling 
activities, they were not informed that the sampling 
was related to ETS. 

Data sat collection procedures 

A one-hour time period was allocated to each ETS 
sampling set. During this period, the field technician 
did not leave the space selected for sampling. Each 
sampling set consisted of the following information: 

General: 

Inspector I.D. 

Client name 
Building address 
Overall building size 
Number of stories 

Specific to sampling set: 

Type of business and work activity 
Location (floor/room) 

Room configuration details (partitions, supply, 
and return outlets) 

Room size (m 2 ) 

Number of people in room (average) 

Number of cigarettes smoked 
Respirable suspended particles (p.g/m 3 ) 

Carbon dioxide (jaL/L) 

Carbon monoxide (|iL/L) 

Nicotine (M-g/m 3 ) 

Temperature (°C) 

Relative humidity (%). 

Smoking density was then calculated for the hour 
sampling period by dividing the number of cigaret¬ 
tes consumed in the hour by the room size, to give 
cig/m 2 -h. 

The methodologies used for the air sampling were 
as follows: 

Respirable airborne-particle counts were made using 
a piezoelectric microbalance that measured particles 


in the 0.01 to 3.5 |im size range. Flow rate through 
the piezobalance was periodically checked at 1 L/min 
with a bubble flow meter, and the sensor was cleaned 
with alcohol swabs after every five measurements. 
The unit is factory-calibrated with diluted welding 
fumes which have shown equivalence to indoor RSPs 
to ±10%. The lower detection limit was setat 10 jxg/m 3 . 

Carbon dioxide levels were measured using a non- 
dispersive infrared absorption portable gas analyzer. 
Accuracy is ±2% over full scale. Periodic calibration 
of the instrument was with a factory-supplied span 
gas of 5000 11 L/LCO 2 . Zero was set with dry nitrogen 
gas and the lower detection limit was set at 50 11 L/L. 

Carbon monoxide concentrations were measured 
using a controlled potential electrolysis detector, ac¬ 
curate to 10% full scale. Periodic calibration of the 
instrument was with a factory supplied span gas of 
50 p.L/L carbon monoxide. The mirfimum detection 
limit was set at 1 jiL/L. 

Each of the above three parameters, as well as 
temperature and relative humidity, was measured in 
real-time and recorded ten times during the hour 
period. The real-time measurements and the average 
of the ten measurements were recorded in a standard 
field log, along with calibration data. 

Airborne nicotine was measured after USEPA 
(1989) with a personal universal flow sampling pump 
drawing air through unfiltered XAD4 absorbent resin 
tubes. Samples were analyzed with gas chromatog¬ 
raphy. Results are expressed in total micrograms 
converted to jig/m 3 , and the detection limit for our 
sampling rate of 1 L/min for a one-hour period is 
given as a conservative 1.6 p.g/m 3 of air. 

Statistical methods 

General statistics . Statistical methods were used for 
the purposes of data description and correlation 
assessment between specific variables. Graphical 
methods were also used to evaluate relationships 
between specific variables. 

The main goal of the statistical analysis was to 
evaluate differences between smoking-observed and 
nonsmoking-observed areas. To evaluate these poten¬ 
tial group differences for variables such as RSP, 
nicotine, CO 2 , and CO, t-tests were used. 

Discriminant analysis . The goal of discriminant 
analysis (Karson 1982) was to predict group member¬ 
ship from several predictor variables. With these data, 
the discrete variable defining group membership 
v-as the type of room—either smoking-observed or 
nonsmoking-observed. Room type was entered into 
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discriminant analysis with several predictor vari¬ 
ables such as RSP and nicotine. 

The discriminant analysis methodology used here 
is a stepwise procedure; it initially enters the most 
significant variable for predicting group member¬ 
ship, as defined by specific statistics, and proceeds 
to enter new variables into the model until the 
inclusion of additional variables does not increase 
prediction ability. There are other methods available 
that will determine the best predictor model, such as 
backward elimination. In many cases, however, each 
method will result in the same final model. 

The discriminant function, on the basis of the input 
variables (e.g., CO 2 , RSP, and nicotine levels), decides 
on whether a room should be classified as a smoking 
or a nonsmoking room (Table 3). The results of the 
discriminant analysis are then compared to actual 
room status. 

Assuming that there is a significant difference 
between a nonsmoking and a smoking environment, 
then discriminant analysis should produce the fol¬ 
lowing: (1) a discriminant model that is significant, 
and (2) a model which differentiates between smok¬ 
ing-observed and nonsmoking-observed rooms. 

Software. A computer package by BMDP Statistical 
Software Inc. (#BMDP 7M) was used to generate this 
discriminant analysis. Standard statistical packages 
were used to produce the tables, graphs, and descrip¬ 
tive statistics. 

RESULTS 

Descriptive statistics 

The final mix of building types surveyed is shown 
in Table 1. Since the establishment of designated 
smoking and nonsmoking areas may or may not be 
respected by occupants, and because even a smoking 


lounge may contain no smokers during our sampling 
period, it is not possible to classify areas as definitely 
smoking or nonsmoking. Instead, we can classify 
areas based on the smoking activity observed to be 
in place during the sampling period. For information, 
however, 20 rooms sampled were noted as desig¬ 
nated smoking lounges. There were 254 nosmoking- 
observed and 331 smoking-observed data sets, giving 
a total of 585 data sets. 

Figures 1 through 4 show frequency distributions 
for four parameters, divided into smoking-observed 
and nosmoking-observed groups. These frequency 
distributions illustrate the basic features of the raw 
data. 

Table 2 displays the mean and standard deviation 
of, among others, the following variables: (1) RSP, 
(2) nicotine, (3) CO 2 , (4) CO, and (5) room size. 
These statistics are shown for the overall data set, 
and are also categorized by room type (observed 
smoking activity), smoking or nonsmoking. 

To explore in more detail the relationships be¬ 
tween some of these factors, correlation coefficients 
were calculated between various parameters. Strong 
correlation exists between the following variables: 
RSP and smoking density (r = 0.5180, p < 0.01); 
nicotine and smoking density (r = 0.7007, p < 0.01); 

RSP and nicotine (r = 0.7345, p < 0.01). 

Poorer correlations are calculated between the fol¬ 
lowing variables: carbon monoxide and smoking den¬ 
sity (r = 0.1792, p < 0.01); carbon dioxide and RSP 
(r = 0.1763, p < 0.01); carbon dioxide and nicotine 
(r = 0.0841, p < 0.05). It should be noted that the 
small p-values imply a nonzero correlation which 
does not mean a strong correlation. Correlations less 
than 0.2 should be viewed as relatively weak. 
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Fig. 1. Frequency distribution for nicotine measured in 585 office buildings with and without observed smoking. 




Discriminant analysis 

As indicated above, t-test results suggest that there 
is a significant difference between smoking and non¬ 
smoking rooms when considering the variables RSP 
(p < 0.01), Nicotine (p < 0.01), and CO (p < 0.05). 
However, there is serious overlap between the fre¬ 


quency distributions of smoking rooms and non¬ 
smoking rooms, particularly on the variables CO 
and RSP. 

All factors in Table 2 were entered into the 
discriminant analysis (except number of cigaret¬ 
tes smoked). Smoker density was not entered into the 
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Fig. 2. Frequency distribution for respirable suspended particles measured in 585 
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Fig. 3. Frequency distribution for room sires of 585 office environments with and without observed smoking. 


analysis since it is directly related to room type 
definitions— smoker density equal to zero is defined 
as a nonsmoking room and smoker density not equal 
to zero is defined as a smoking room. The discriminant 
analysis was significant and the variables RSP and 
nicotine were the only variables entered into the 
model. The discriminant analysis did not enter the 


variables CO and CO 2 , nor the variables relating to 
room size and occupant density. All of these un¬ 
entered variables do not improve the ability of the 
discriminant function to classify the rooms as smok¬ 
ing or nonsmoking. 

Table 4 displays the ability of the selected model 
to predict room type properly. The selected model 



Percent 



Carbon Monoxide (pL/L) 



Fig. 4. Frequency distribution for carbon monoxide measured in 585 office environments with and without observed smoking. 
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Table 2. The mean (Standard Deviation) of variables grouped by observed smoking activity. 


Statistically significant difference between nonsmoking and smoking group. 

No statistically significant difference between nonsmoking and smoking group 


Observed 





Room 


# of 

Smoking 

RSP* 

Nicotine* 

C0 2 ** 

CO* 

Size** 

# of 

Cigarettes 

Activity 

(ng/m 5 ) 

(tig/m 1 ) 

(HL/L) 

(HL/L) 

(m ! ) 

People 

Smoked 

Non- 

20 

0.2 

591 

3.1 

107 

7.9 

0.0 

Smoking 

07.6) 

(0.8) 

(159) 

(0.90) 

(231) 

05.7) 

0.0 

Smoking 

46 

6.7 

595 

3.4 

83 

7.9 

5.9 


(56.9) 

(14.8) 

067) 

(1-12) 

(134) 

(12.6) 

(12.8) 

Totals 

35 

3.8 

593 

3.29 

93 

7.9 



(44.4) 

(11.2) 

(163) 

(1.03) 

082) 

(14.0) 



was able to classify properly 96.1% of the nonsmok¬ 
ing rooms as nonsmoking. However, only 41.4% of 
the smoking rooms were classified as smoking; 58.6% 
of the smoking rooms were classified as nonsmok¬ 
ing. Overall, 65.1 of the cases were properly classified. 


Table 5 displays the mean and standard deviation 
of selected variables in the ETS data set. These vari¬ 
ables are grouped according to observed status, either 
smoking or nonsmoking, and status provided by dis¬ 
criminant analysis. One possible combination, ob- 



Table 3. Classification functions which determine model group membership, derived from discriminant analysis of the sample data. 


Group 

Constant 

■ jboc— ocsaagan—mCMcer 

RSP 

Nicotine 

Nonsmoke 

a 

-0.8916 

0.0202 

-0.0557 

Smoke 

-1.2628 

0.0284 

-0.0269 


Table 4. Classification of observations into smoking and nonsmoking groups by the discriminant analysis model based on sample 

results (the percentage of correct classifications is also shown). 
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Table 5. The mean (Standard Deviation) of selected variables shown for jroops defined by their status as observed in the field during 

sampling and the discriminant analysis model based on sample results. 


Observed 

Status 

Model 

Status 

RSP* 

yg/m 3 

4 

Nicotine** 

ft 

co 2 * 

(nL/L) 

CO* 

(l*L/L) 

Smoking 

Density** 

cig/m 2 .hr 

Nonsmoke 

Nonsmoke 

17.18 

0.1 

584 

3.1 

0.0 



(9.5) 

(0.6) 

(153) 

(0.8) 

(0.0) 

Smoke 

Nonsmoke 

19 

0.9 

5 66 

3.3 

0.075 1 



(9.2) 

0.9) 

(170) 

(1.0) 

f 

• 

(0.075) ! 

Smoke 

Smoke 

85 

14.8 

636 

3.6 

0.30 



(71.8) 

(20.4) ; 

« 

(154) 

i 

(1.3) 

(0.35) 



•No statistically significant difference between Nonsmoke/Nonsmoke and Smoke/Nonsmoke. All 
other differences are statistically significant. 

••Statistically significant differences between all groups. 


served-status nonsmoking/model-status smoking, is 
not included since this combination only contains ten 
observations. The data show that for groups defined 
by observed-status nonsmoking/modei-status non¬ 
smoking and observed-status smoking/model-status 
nonsmoking, there is no statistically significant 
difference between group means for the variables 
CO, CO 2 , and RSP. The group smoking-observed 
status/smoking-model status is significantly different 
when considering nicotine and smoker density. This 
difference is slight for the groups nonsmoking-ob¬ 
served status/nonsmoking-model status and smok¬ 
ing-observed status/nonsmoking-model status. 

DISCUSSION 

Discriminant analysis 

The most significant results from the discriminant 
analysis are the following: 

(1) RSP and nicotine contribute to the prediction 
of room type—smoking or nonsmoking. 

(2) most (96.1%) nonsmoking rooms are clas¬ 
sified as nonsmoking rooms, demonstrating very little 
evidence of ETS spillover from smoking areas, and 

(3) a significant number (58.6%) of total smoking 
rooms are classified as nonsmoking rooms. 

Table 5 suggests that smoking rooms can be 
separated as "light" or "heavy**. The light-smoking 
rooms appear equivalent tc nonsmoking rooms when 
considering, in a multivariate context, the important 


factors of RSP and nicotine. The heavy-smoking rooms 
do have elevated levels of nicotine and RSP. This 
indicates that there may be a rough working range of 
smoker density in which smoking activity does not 
seem to influence ETS levels significantly, as measured 
by RSP and nicotine. 

This analysis goes part-way towards identifying 
what this range might be in that the mean of the 
light smoking range is 0.075 cig/m 2 -h and the median 
figure is 0.048 cig/m 2 -h. There is considerable over¬ 
lap, however, between the two types of smoking 
groups in Table 5. The median of the heavy-smok¬ 
ing rooms is 0.143 cig/m 2 -h with 20% of the heavy¬ 
smoking rooms below the median of the light-smoking 
rooms, and 13.4% of the light-smoking rooms above the 
median of the heavy-smoking rooms. This suggests 
that other variables which were not fully charac¬ 
terized in this work, such as outside air ventilation 
and/or air change rates, need to be considered in more 
detail when determining the impact of smoking in the 
room environment. One can see, however, that a realis¬ 
tic smoking density in properly ventilated rooms might 
be somewhere between 0.05 and 0.1 cig/m 2 -h, or 
between 5 and 10 cigarettes per hour in a 100 m 2 
room. 

Other pertinent data 

These 585 data sets reveal some other interesting 
information. If one examines the absolute levels of 
items of particular concern, such as nicotine, RSP 
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and carbon monoxide, they show relatively conser¬ 
vative values. For instance, most of the RSP data in 
smoking-observed areas show levels well under that 
reported in Repace and Lowrey’s early papers (1980, 
1982); in general, about four times less than their 
mathematical model predicted for office environ¬ 
ments of 200 jig/m 3 (Repace and Lowrey, 1987). In 
this model, they assumed an occupancy of 7.53 per- 
sons/100 m 2 , one third of them smoking at an 
average rate of 2 cig/h (5.02 cig/100 m 2 *h). In this 
study, in observed-smoking areas, mean RSP levels 
of 46.37 pg/m 3 were measured with a mean occupan¬ 
cy of 9.57 persons per 100 m 2 , and an average ob¬ 
served-smoking rate of 7.14 cig/100 m 2 h. In fact, only 
eight data sets showed RSP values above this model 
value of 200 jig/m 3 . 

Our measurements of RSP and nicotine also tend 
to match levels reported in other recent work by 
Meisner et al. (1989) and Eatough et al. (1989a). 
Ogden et al. (1990) found ETS contributes ap¬ 
proximately 50% to RSP which mirrors almost 
exactly our findings in that mean RSP levels in 
nosmoking-observed areas were approximately half 
those in smoking-observed areas. 

There are statistically significant differences be¬ 
tween smoking-observed and nonsmoking-observed 
areas for RSP, nicotine, and CO. While not statisti¬ 
cally significant (p 2 0.10), our data set contained 
smoking observed rooms with smaller sizes than non¬ 
smoking rooms, suggesting that smokers in modern 
office environments may be confined to smaller rooms 
than nonsmokers. This possibility might justify fur¬ 
ther work, perhaps examining smokers/nonsmokers 
room sizes, separate from designated smoking loun¬ 
ges. 

A clear relationship was observed between RSP 
and nicotine, which is not surprising in light of other 
studies. These studies were summarized by Eatough 
et al. (1989b), and show that nicotine/RSP ratios vary 
depending on overall ETS levels and tend towards 
that found in pure sidestream smoke at the highest 
levels of measured nicotine and RSP. 

Although it is possible to identify two different 
groups (smoking and nonsmoking) by examining the 
carbon monoxide results, the distinction is not clear 
enough to characterize the relationship between smok¬ 
ing density and carbon monoxide concentrations. For 
instance, it was not possible to extrapolate properly 
the data to identify what smoking density might be 
associated with CO concentrations higher than the 
EPA ambient 24 h maximum of 9 pL/L, although it 
would appear to require a smoker density much greater 


than typical in a "discretionary smoking" office en¬ 
vironment. 

This shows that carbon monoxide is a poor in¬ 
dicator for ETS levels found in typical conditions. 
This .$ in contrast to Cain and Leaderer’s work (1982) 
in experimental chambers which showed wide varia¬ 
tions in carbon monoxide concentrations under dif¬ 
ferent smoking conditions. Lower, more typical 
smoking rates, and larger spaces allowing for faster 
diffusion of CO may explain why this gas is not as 
good a predictor in normal offices as it is in ex¬ 
perimental chambers. 

Improved resolution for carbon monoxide (measured 
to +/-1 |iL/L in this study), and a lower detection 
limit for nicotine (set at 1.6 p.g/m 3 for this study), 
and RSP (set at 10.0 pg/m 3 ) may be thought to allow 
for different conclusions to be drawn from the statis¬ 
tical analysis. However, a sensitivity analysis was 
performed with the discriminant analysis by setting 
different values for nicotine and RSP at the detection 
limits. For example, on a subsequent evaluation of 
the data with discriminant analysis, all nicotine and 
RSP values below the detection limit were set to zero. 
This produced little or no difference in the results 
obtained from the discriminant analysis. This strong¬ 
ly suggests that improved detection techniques would 
not change the results drawn from this study, includ¬ 
ing those conclusions concerning spillover from smok¬ 
ing areas. 

Carbon dioxide is frequently used as an indicator 
of ventilation rates, and furthermore, since carbon 
dioxide levels are related to the number of occupants 
and the size of the space they occupy, these factors 
were also included in an attempt to establish a general 
ventilation status for each data set. No relationship 
was subsequently observed, however, between com¬ 
ponents of ETS and these factors as measured during 
these surveys. This does not mean that there is no 
relationship between total outdoor air intake for the 
building and overall ETS levels. But it means that 
local measurement of CO 2 needs to be interpreted 
carefully if it is to be used as an indicator of ventila¬ 
tion, and that it may show considerable spatial varia¬ 
tions in a building, depending on local floor and air 
handling zone characteristics. This study did not ex¬ 
amine in detail local room aspects of ventilation such 
as air change rates or airflow through local diffusers 
which may correlate much more strongly with local 
ETS levels. Alternatively, average levels of ETS 
throughout a building may also correlate with total 
outdoor air intake. 
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CONCLUSIONS 

These 585 measurements of some components of 
ETS and other related parameters sampled during 
1989 suggest overall concentrations of ETS in typi¬ 
cal office workspaces to be considerably lower than 
estimated ten years previously. Some parameters, 
such as carbon monoxide, appear to be only weakly 
related to smoking activity. Discriminant analysis 
shows that when “blindfolded" for presence or ab¬ 
sence of smokers, in most cases realistic smoking 
levels do not significantly influence the aspects of 
air quality that were measured, and spillover from 
smoking areas into nonsmoking areas appears to be 
minimal. This work further reinforces the position 
the American Society of Heating, Refrigerating and 
Air Conditioning Engineers (ASHRAE) has taken on 
ETS in office buildings in ASHRAE Standard 62-89 
(1989), in that acceptable air quality can be main¬ 
tained in properly ventilated offices with a moderate 
amount of smoking, even without smoker segrega¬ 
tion. These data help to further define the limits of 
moderate smoking. 

Further work to achieve this goal should address 
room air exchange and ventilation rates, and their 
relation to ETS. This might best be achieved with the 
use of tracer gas instrumentation. This ventilation 
data when combined with ETS component meas¬ 
urements will give us a better understanding of the 
relationships between smoking and ventilation in 
modern offices. Other influencing factors may also 
include furnishing types and room size, which could 
be studied in more detail. 

a 
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Investigations of Indoor Air Quality 
at Four Large Office Buildings 

Goy B- OMaker ffl, Ph-D. ; W. David Taylor, MPh, CIH, CSP; Ken B. Parrish, BSME, P.E. 


Investigations icere performed in four large office 
buildings to assess the relationships among ventilation, 
smoking activity and indicators of indoor air quality 
(1AQ). Two types of heating, ventilating and air-con - 
- ditioning (HVAC) systems icere examined, constant air 
volume (CAV) and variable air volume ( VA V). Tuo types 
cf smoking policy uere examined: unrestricted smoking 
and smoking restricted to designated lounges. The four 
* buildings represented all combinations of these fourvan- 
l ables. One floor of each building was investigated, with 
y measurements conducted dunng the summer when 
% HVAC systems were not in economizer mode, so they used 
f minimal outside air. Inspections of the HVAC systems 
^ indicated that their operation and maintenance were 
f acceptable. Ventilation was measured by standardpro- 
r cedures based on velocity traverses, 
jt During the tests, allfour systems provided ventilation 

% rates essentially conforming to ASHRAE Standard 62- 
1969. Indicators of air quality and environmental tobac- 
& CO smoke (ETS) were determined in outside and 
Br* retum-air streams and offices. IAQ indicators included 
£- respirable suspended particles (RSP). formaldehyde, 
volatile organic compounds (VOCs), carbon dioxide 
-i. (CO 2 J and carbon monoxide (CO). ETS indicators in¬ 


cluded ultraviolet particulate matter ( UVTM),fluorescent 
Particulate matter (FPM) and nicotine . Smoking activity 
vias assessed by collecting and counting cigarette buns. 

*, Results show that: (a) smoking activity bad a negli- 
tWe effect on contaminant levels in buildings where 
Poking was unrestricted: (b) restricting smoking to 
ktunges eliminated nonsmoker exposure to ETS by 
Preventing smokefrom dispersing to adjacent areas: and 
(c) with the HVAC systems adequately designed, operated 
r Pi accordance with the current ASHRAE Standard and 
P*vperly maintained , all indicators were well unthin 
'Applicable standards, regardless of the smoking policy. 


INTRODUCTION 

Over the past decade there has been an increasing 
awareness of the role that the indoor environment can 
have in determining total exposure to airborne con¬ 
taminants. A considerable amount of research has been 
done to assess exposures in vinous microenvironments 
such as homes, offices, restaurants, and aircraft cabins, to 
list but a few. Research also has been done to assess 
exposure to specific classes of contaminants, such as 
volatile organic compounds (VOCs). Part of our research 
program FOldaker, 19901 has been directed at assessing 
exposure in offices to environmental tobacco smoke 
(ETS), which is defined as the diluted and aged mixture 
of sidestream smoke and exhaled mainstream smoke 
which originates from burning tobacco [National Re¬ 
search Council, 19861. 

Generally, the level of a contaminant in the indoor 
air is the result of the interplay between the sources of the 
contaminant and factors that remove the contaminant; 

‘sinks.* For most contaminants, ventilation is the 
main removal factor. (As used here ventilation is the 
process where non-contaminated outdoor air is effective¬ 
ly distributed and exhausted in order to dilute and dis¬ 
perse contaminants and to prevent pollution.) The 
American Society of Heating, Refrigerating and Air-Con¬ 
ditioning Engineers (ASHRAE) has published Standard 
62-1989 titled ‘Ventilation for Acceptable Indoor Air 
Quality" [ASHRAE, 19891. This consensus standard gives 
two procedures for demonstrating acceptable indoor air 
quality (IAQ). One procedure involves assessing whether 
ventilation rates, generally in terms of cubic feet per 
minute (CFM) outdoor air per occupant, conform with 
values tabulated in the Standard on the basis of microen¬ 
vironment. The other procedure involves measuring 
levels of contaminants to ensure that they are within 
specified levels. 

The investigations reported here were done because 
there existed no quantitative information on the effect of 
smoking on office IAQ within the context of ASHRAE 
Standard 62-1989. 






EXPERIMENTAL 

Investigations to assess the relationships among ven¬ 
tilation rates, smoking activity and indicators of IAQ were 
conducted at four buildings during the summer of 1991. 
Each building was studied for one week, with an inspec¬ 
tion of the HVAC system on Monday, followed by deter¬ 
minations of ventilation rates, contaminants and smoking 
rates Tuesday through Friday. Established testing proce¬ 
dures were used when available, and all investigations 
were conducted in a rigorous manner. In total, 38 con¬ 
taminants were sampled, including three surrogates for 


Buildings and HVAC Systems 

Investigations were done at four buildings repre¬ 
senting two types of HVAC system technology (induc¬ 
tion-unit CAV or VAV) and two types of smoking policy 
(unrestricted or restricted). Two of the buildings (the 
Reynolds and Plaza buildings) are owned and operated 
by the R.J. Reynolds Tobacco Company. Buildings A and 
B belong to a large Midwestern manufacturer. The age. 
size and occupancy of the two groups of buildings were 
similar, and reflea "old" versus “new" architeaure and 
HVAC technology. None of the buildings had a history of 
IAQ problems. 

At each building, one HVAC system and one floor 
served by that system were investigated. The seleaion at 
the Reynolds and Plaza Buildings was based upon max¬ 
imal occupancy both for floors and HVAC systems. For 
example, the floor with the most occupants that was 
supplied by the HVAC system serving the most occupants 
was seleaed. This criterion ensured experimental rigor. 
Conditions of maximal occupancy ensure maximal levels 
of contaminants based upon the assumption that levels 
of contaminants vary in proportion to the number of 
occupants [ASHRAE, 19891. 

The management of Buildings A and B seleaed the 
HVAC systems and floors to be investigated. At Building 
A, where floors were served by multiple HVAC systems. 

Table L General Characteristics of Buildings Investigated 


the system serving spaces with a northern exposure w 
investigated. This approach was also in keeptng with th ^ 
objective of ensuring rigorous test conditions. e 

The HVAC systems at the four buildings are 
described briefly below. The descriptions apply t Q open 
tions of the systems in cooling mode, 

The test space at the 4th floor of the Reynolds Build¬ 
ing is served by three HVAC systems, of which only one 
uses outdoor air. The other two only filter, cool and 
recirculate air. The HVAC system providing outdoor air 
to the test space serves a total of 13 floors and uses CAV 
technology’ and induaion units to supply air to occupied 
spaces. The main air handling unit that supplies the 
outdoor air is located on the roof at the 9th floor level. As 
air enters the unit, it passes through a system that removes 
particles. This system includes, in the following order a 
pre-filter, electrostatic precipitator and final filter. Air then 
passes over a set of coils, which can contain either chilled 
water or steam depending on whether the system is m 
heating mode or cooling mode. Included with the coils 
are a spray type humidifier and a mist eliminator. The 
temperature of the conditioned air leaving the mam air 
handling unit is maintained above the dew point to 
prevent condensation in the air handling system and 
induaion units. The main air handling unit has two mam 
supply ducts that direa air to spaces on the east and west 
sides of the building. At each floor, these main supply 
ducts feed branch ducts which cortnea to induaion units 
located beneath windows on the perimeter of the build¬ 
ing. Each induaion unit has a coil containing chilled 
water or hot water depending on the operational mode 
of the HVAC system using outdoor air. Spaces located in 
the interior of the floor are served by two, essentially 
identical. HVAC systems that use transfer air originating 
from the perimeter offices. 

The Plaza Building has two main HVAC systems 
which both use VAV technology. The system included th 
the testing serves the top half of the building, floors 8 
through 15. The main air handling unit serving the 10th 
floor test space is located at the penthouse level. Outdoor 


Building 

Reynolds 


HVAC System 


General Floor Plan 


Constant air volume (CAV) Private offices 
with induaion units 


Smoking Policy 


Unrestriaed 


Plaza 


Variable air volume (VAV) Open office area 


Unrestriaed 


CAV with induaion units 


VAV 


Private offices 


Open office area 


Restriaed to separately 
exhausted lounges 

Restnaed to separately 
exhausted lounges 
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fir enters the unit at a mixing chamber where it combines 
return air. Following this, the air passes through a 
loil filter and an electrostatic precipitator, which remove 
particles. The air then flows over coils containing chilled 
water. Next, a fan propels the cooled air through the main 
supply duct and ultimately to branch ducts serving each 
goor. Terminal VAV boxes regulate the amount of air 
supplied to each cooling zone. Air enters occupied spaces 
through light troffers in the ceiling. Air leaves occupied 
spaces through openings associated with light fixtures, 
jnoves via the ceiling void to a transfer duct, and then 
(discharges into a return shaft for transport to the mixing 
chamber at the main air handling unit. 

Twenty-six HVAC systems serve Building A. Two of 
these systems serve the test floor. The first serves office 
spaces in the outer zone of the building that includes 
offices with windows to the outside: the other serves 
spaces in the interior zone. Spaces in the core zone are 
adjacent to the offices in the outer zone. The two HVaC 
systems have several features in common: (a) both main 
air handling units are located at basement level, (b) the 
source of outdoor air is the same, and (c) the source of 
return air is the same. Outdoor air entering each unit 
flows into a mixing chamber where it combines with 
return air. The air then passes through bag filters and over 
coils containing chilled water or steam, after which it is 
propelled by a fan into the main supply duct for distribu¬ 
tion- Wall-mounted induction units, which are located 
beneath windows, supply air to office spaces in the outer 
zone. (These units are essentially the same as those at the 
Reynolds Building.) Slot diffusers located along one wall 
supply air to the spaces in the interior zone. Air from both 
2 ones is returned through openings arranged alternately 
with the slot diffusers. 


exhausted from the buildings rather than being recircu¬ 
lated. 

Inspections of HVAC Systems 

Although none of the buildings had a history of LA.Q 
problems, inspections were done to confirm the absence 
of problems and to establish that all HVAC systems were 
properly designed, operated and maintained (O&M). In¬ 
spection included: 

(a) visual assessment of the cleanliness, operation 
and structural integrity of the systems’ internal com¬ 
ponents (including filters, coils, distribution boxes, con¬ 
densate traps, ducts, etc.)-. 

(b) assessment of the HVaC systems’ designs and 
O&M to determine whether they were adequate to meet 
IAQ requirements for the spaces they serve; and 

(c) measurements of static air pressures to assess the 
general structural integnty of the ducts. 

Boroscopes were used to inspect the interiors of 
main air-handling units, main ducts and branch ducts at 
all four buildings. Induction units were also inspected m 
the two buildings with CAV systems. All air filters were 
visually inspected and their efficiency, as installed, was 
estimated. To assess the adequacy of the HVAC system 
and its O&M program, blueprints and records were 
reviewed, and discussions were held with the building 
engineers who operated the systems. Static pressures 
were measured to establish that ducts were transporting 
air according to design specifications and therefore were 
(a) connected to main sources of supply air, (b) free from 
large leaks, and (c) free from internal obstructions, in¬ 
cluding dosed dampers. Finally, temperature and relative 
humidity were measured to assess thermal comfort. 
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The HVAC system investigated at Building B was one 
of four systems serving floors 1 through 10. The main air 
handling unit for the HVAC system serving the test floor 
is located at the penthouse level. Outdoor air enters the 
unit at a mixing chamber where it combines with return 
air. The air then passes through two sets of filters (bag 
and pleated-panel) and next moves over cooling coils. A 
fan propels the conditioned air through a main supply 
duct that distributes the air via VAV boxes and ceiling 
diffusers to occupied spaces. Return air enters the ceiling 
void through openings associated with light fixtures and 
passes through a transfer duct into a return air shaft that 
carries it back to the main air handling unit. 

For the buildings with VAV systems. HVAC systems 
set as precisely as possible to provide a ventilation 
late of 20 cubic feet per minute (CFM) outside air per 
°cxrupant at conditions of maximal occupancy. This rate 
fcthe ASHRAE Standard for office spaces [ASHRAH, 19891. 
At the Plaza Building, the geometry of the air inlet was 
modified especially for the test so that air flow could be 

OKKtitored. 

« 

Air from the smoking lounges at Buildings A and B is 


Procedures for Det ermini ng Ventilation Rates 

The ventilation rate for each test space was calculated 
from: (a) the fraction of outside air supplied to the test 
space, and (b) the total volumetric flow rate of air to the 


Ventilation rates were quantified only once for the 
two buildings with CAV systems because they deliver 
constant air flow. Several checks, however, were done 
during the tests that verified these constant rates. To 
simplify logistics, rates for CAV systems were determined 
before contaminants were sampled. Because the HVAC 
system at the Reynolds Building supplied 100% outside 
air to the test spaces, volumetric flow rates were quan¬ 
tified only for the induction units serving the floor. 
Volumetric flow rates and corresponding static pressures 
at the induction unit plenum were measured for selected 
units, using standard methods (Associated Air Balance 
Council, 19891. Ventilation rates for the remaining units 
were determined by measuring static pressure only and 
by predicting the rates based on the relation between 
volumetric flow rate and static pressure in the units where 
both were measured. Essentially the same procedure was 
used at Building A, with one exception. Because Building 
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A uses return air, the fraction of outside air supplied to 
the test spaces had to be determined. Acceptable sam¬ 
pling locations to measure outside air were not available, 
so this determination was made through calculations 
using measurements of the volumetric flow rates of the 
return and supply systems serving the test spaces. 

Ventilation rates were continuously monitored for 
the investigations of the buildings using VAV systems. 
Volumetric flow rates at the Plaza Building were deter¬ 
mined by three methods that were based on air velocity 
measurements made at specific locations by traversing 
with pitot tubes. Briefly, the methods are as follows: 

(a) The volumetric flow rate for outside air was 
predicted by treating the air intake as an orifice and by 
monitoring the pressure drop across the orifice. The 
pressure drop was measured by a pressure transducer 
and recorded by a data logger. A single-point calibration 
was used, based on the volumetric flow rate determined 
by velocity traverse. 

(b) The flow rate of air supplied by the main air 
handling unit was determined by the permanent monitor¬ 
ing equipment on the HVAC system. The calibration of 
this equipment was checked by velocity traverse. 

(c) The flow rate of air supplied to the test spaces was 
based on measurements of velocity pressure (Associated 
Air Balance Council, 19891. Velocity traverses at the 
monitoring location were used to quantify the volumetric 
flow rate and to identify a point that represented the 
average velocity. A pitot tube installed at that point was 
connected to a pressure transducer and a recorder. 

At Building B, determinations of the fraction of out¬ 
side air and volumetric flow rates were based on meas¬ 
urements of velocity pressure, similar to the procedure 
used at the Plaza Building. 

Procedure for Selecting Sampling Spaces 

Two types of spaces (private offices and open office 
areas) were sampled. Floor plans were used to distin¬ 
guish these spaces from such other spaces as halls, 
lavatories and conference rooms. Each private office con¬ 
stituted a single sampling space. Open office areas were 
divided into rectangular sampling spaces that were 
roughly the same size as the private offices. These spaces 
were approximately equal to one another in total square 
foouge and number of occupants. Since these are the 
considerations usually used for space planning in work 
areas, for the most part, the boundaries of these sampling 
areas corresponded to existing cubicle partitions. Each 
sampling space was assigned a random number 
generated by a computer, and spaces were selected for 
testing in ascending numerical order based upon these 
numbers. Selected spaces were sampled only if they were 
occupied on the day of testing, with spaces defined as 
“occupied" if at least one of the workers assigned to the 
space reported to work that day. If the selected office 
space was unoccupied, it was discarded and the numeri¬ 
cal order was used to select the next occupied space. 


Because Building A had relatively few s* 
spaces, and because these spaces were frequent I J^r!^ 
cupied, some spaces that were discarded we re eve 
tested when they were occupied. ua ‘^ 

In the Reynolds and Plaza buildings, five diffe 
occupied spaces were sampled daily dunng each 
day test period, for a local of 20 spaces sampled in 
building. Based on the availability of sampling eq Ul r> 
ment, plans were made to sample only four office locT 1 
tions eacii in Buildings A and B. daily. Sixteen sampi J 
were taken in Building B, but there were only h oc. 
cupied sampling areas in Building A dunng the tea 
period, so only two offices were sampled on the founhj 

dav of the test. < 

# 

For comparison with the samples collected in the 
offices, daily samples were collected from the outside aj 

, --- • ■ J 
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these 


Procedure for Selecting Sampling Locations /J 

C I 





In office spaces, contaminants were sampled tn 
breathing zones that roughly correspond to ASHRAE 
definition of “occupied zones’ (ASHRAE. 19891. Breathir 
zones were defined as spaces between two feet and s 
feet above the floor, and more than two feet from wal 
or fixed air-conditioning equipment. Sampling poin 
were also generally selected to ensure that they were r 
susceptible to the direct influence of sources of ventiL 
tion. Efforts were also made to ensure that samp!in 
points did not alter the ordinary behavior of occupants i 
the selected spaces. These guidelines are derived fror 
those recommended in a U.S. Environmental Protecuo 
Agency (EPA) document (Nagda, 19831. 

Procedures for Anafyring Contaminants 

Methods used for analyzing contaminants are sumf 
marized in the Table II. (Detailed information about ih^ 
collection and quantification of contaminants is con¬ 
tained in the Appendix.) 




Table n.Summary of Methods Used for Assess In 




Substance 


Carbon dioxide 
(COz) 



ion 


Air monitored with non-dispe« 
sive infrared (NDIR) analyzerP 


Carbon monoxide 
(CO) 


Air monitored with analyz 
using an electrochem 
measurement principle. 



Formaldehyde 


Integrated sample collect 
and analyzed by chromotrop 
acid procedure (NIOSH. 19841 



INS 



ere 




is3 
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jfcsptrabie suspended 

pf rtidcs (RSP) 

particulate 
ff&aer (UVPM) 


fluorescent particulate 
maner (PPM) 


Nicotine 


Volatile organic 
compounds (VOCs) 
(27 compounds! 


Ammonia (NH 3 ) 


X 

Ozone (O 3 ) 

* 


Integrated sample collected on 
filter and analyzed gravimetn- 
cally [Conner, 19901. 

Met ha no lie extra a of RSP 
sample analyzed spectro- 
p ho to metrically at 325 nm 
[Conner, 1990], 

Methanolic extract of RSP 
sample analyzed by 
fluonmetry (excitation, 300 
nm: emission, 420 nm) [Ogden, 
1990], 

Integrated sample collected 
with XAD-4; nicotine desorbed 
with ethyl acetate and analyzed 
by gas chromatography (GO 
with nitrogen-selective detec¬ 
tion {Winberry, 1989a], 

Integrated sample collected on 
Tenax; VOCs desorbed ther¬ 
mally and analyzed by GC with 
mass-spectrometric detection 
[Winberry, 1989bi. 

Air analyzed with detector 
tubes. 

Air analyzed with detector 
tubes. 





tr 


Sulfur dioxide (SO 2 ) 


Nitrogen dioxide (NO 2 ) 


Air monitored with analyzer 
using electrochemical meas¬ 
urement principle. 

Air monitored with analvzer 
using electrochemical meas¬ 
urement principle. 


Integrated sampling for RSP, nicotine and VOCs oc- 
Qared from about 8:30 a.m. to 3:30 p.m. Formaldehyde 
sampled from 2:00 p.m. to 3:30 p.m.. since it was 
ttpeaed that peak concentrations would be measured at 
time. Determinations of the other substances were 
done daily during three time periods: (a) 8:30 a.m. to 9:00 
; (b) 11.00 a.m. to 11:30 a.m.; and (c) 3:00 p.m. to 
^30 p.m.; the reported daily result was represented by 
** arithmetic mean of the three determinations. 


^ * n ***ment of Smoking Activity 
^ ^ ^ written questionnaire was used to quantify the 
i smo ^ ers an d nonsmokers at the Reynolds 

t bidding and Plaza Building. The questionnaire was 




given to all occupants present dunng each four-day test 
penod. 

Smoking rates were assessed by collecting and 
counting cigarette butts. A memorandum was distributed 
to all occupants (both smokers and nonsmokers) of the 
rwo floors investigated. The memorandum instructed that 
all cigarette butts from cigarettes smoked on the floor 
were to be saved daily during the four-day test penod. 
Accompanying the memorandum was one labelled plas¬ 
tic bag for collecting the cigarette buns. At the end of each 
work-day, a team of investigators walked through the 
entire floor area and collected all the plastic bags (regard¬ 
less of whether or not they contained cigarette butts) and 
counted the cigarette butts. This process was comple¬ 
mented by collecting and counting cigarette butts dis¬ 
posed of in other places, such as ashtrays and 
wastebaskets. All cigarette butts counted were disposed 
of daily to prevent recounting. The numbers of smoking 
and nonsmoking occupants were quantified from daily 
records of attendance. 

The two assessments were not designed to obtain 
direct counts of the number of cigarettes smoked by 
individual smokers. 

RESULTS AND DISCUSSION 

HVACSystem Inspections 

Inspections showed that HVAC systems at the four 
buildings were adequately operated and maintained. Ap¬ 
propriate filters were installed and air handling systems 
were structurally sound and contained only the trace 
amounts of dirt and deposits that axe typical of a well- 
maintained system. No problems were indicated with 
res pea to either bacterial or fungal contamination. 
Reviews of blueprints of the HVAC systems indicated that 
ail were designed with the capability to provide adequate 
ventilation. The absence of significant LAQ problems at 
the four buildings was confirmed from reviews of main¬ 
tenance records and discussions with operators. 

Relative humidities and temperatures in ail test 
spaces ranged from 41 to 65% and 68 to 78 °F. respective¬ 
ly. 

Ventilation Determinations 

During the tests, all four systems provided ventilation 
rates essentially conforming to ASHRAE Standard 62- 
1989. For the buildings with CAV technology, the 
Reynolds Building and Building A, ventilation rates for 
the four-day investigation averaged 106 and 170 CFM 
outside air/occupant, respectively. These ventilation 
rates are not unusual for induaton-CAV HVAC systems 
installed in the mid-1950s, before energy was a major 
concern and before ASHRAE issued its first ventilation 
rate standard in 1977 [ASHRAE. 19771. 

Calibration checks done before monitonng started 
showed that at both buildings using VAV technology, 
measured ventilation rates did not correspond to rates 
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assumed by operators based upon control system indica¬ 
tions. At the Plaza Building, the amount of outdoor air 
used by the HVAC system was normally controlled by a 
permanently installed flow monitoring system. The 
project protocol assumed that this system would be used 
for monitoring during the investigation. However, when 
the calibration of this system was checked at the ventila¬ 
tion rates to be used for the investigation, the air velocities 
were both too low and variable to permit obtaining 
reliable results. Consequently, the size of the outside air 
iniet was decreased to increase the air velocity and there¬ 
fore to make measurement possible, although with a 
system different from the one permanently installed. At 
Building B, a similar situation was observed when the 
calibration of the system was first checked. The control 
had considerable “play" and was inaccurate, again owing 
to relatively low air velocities. 

At the Plaza Building, the average ventilation rate for 
the four-day period was 17 CFM outdoor air/occupant. 
Within the experimental constraints of this investigation, 
the 3 CFM outdoor air/occupant difference relative to the 
ASHRAE Standard is considered negligible. For the test, 
the dimensions of the modified outdoor air inlet needed 
to give the desired ventilation rate were estimated. This 
estimate assumed values for the occupancy of the eight 
floors served by the HVAC system as well as constant 
operation for the HVAC system after the iniet was 
modified. That these assumptions did not hold perfectly 
well is reflected by the difference between the ventilation 
rates targeted and obtained. Although the building had a 
VAV HVAC system, ventilation rates during the investiga¬ 
tion remained essentially constant. This constancy 
reflected the operation of the system at maximal cooling 
capacity primarily as a result of hot, humid, and sunny 
conditions outdoors. 

The ventilation rate at Building B averaged 28 CFM 
outdoor air/occupant and ranged from 21 to 32 CFM 
outdoor air/occupant. 

We postulate that calibration of control systems 
might be a potential problem with res pea to energy costs 
for other HVAC systems using VAV technology if the 
intent is to operate on the minimum amounts of outside 
air specified by ASHRAE Standard 62-1989 [ASHRAE, 
19891. We hypothesize that the effea of inadequate 
calibration at such minimal conditions would generally 
result in conditioning of more air than is specified by 
ASHRAE because outside air dampers tend to leak even 
when in the “fully dosed" position. The effea of such a 
potential problem would be limited to certain times. At 
higher ventilation rates, for example, such as those that 
would exist when an HVAC system was in economizer 
mode, velodties of outside air entering the system would 
be greater and in the range where calibration is accurate 
and reliable. 

The levels of carbon dioxide (CO 2 ) measured at the 
four buildings support the conclusion that ventilation was 
adequate. According to ASHRAE: “Carbon dioxide con¬ 


centration has been widely used as an indicator of indoor 
air qualiry. Comfort (odor) criteria are likely to be satisfied 
if the ventilation rate is set so that 1000 ppm CO2 is not 
exceeded." [ASHRAE. 19891 . Ail measured concentrations 
of CO 2 were well below this level. The maximal 
measured concentration for the four buildings was 642 
ppm (see Table VII below). 



Smoking Activity 

Table III presents summary statistics on smoking 
prevalence at the two buildings. Occupants of both floors 
investigated were mostly clerical staff and middle 
managers. The response rates to the questionnaire on 
smoking status were 98.5 % for the Reynolds Building and 
100% for the Plaza Building. 




Table HI Smoking Prevalence at Test Spaces at Two 
Buildings where Smoking Was Not Restricted 

Reynolds Building Plaza Building 



Smokers (%) 

37,0 

33 0 

Nonsmokers (%) 

61.5 

67.0 

Unknown (%) 

1.5 

00 

Total Number of 

65 

121 

Occupants 






The prevalence of smoking at the two buildings is 
substantially greater than the U.S. average, 28% [CDC, 
19911. In view of this, results from determinations of 
indicators of ETS, as reported here, might provide reliable 
upper bounds on levels of ETS indicators that could be 
present in other buildings having similar ventilation, air 
distribution systems and smoking policies. 

Tables rv and V show results for assessments of 
smoking activity at the test spaces in the Reynolds Build¬ 
ing and the Plaza Building, respeaively. In general, the 
smoking activity at each building remained constant from 
day to day. The exception was at the Reynolds Building 
on Thursday, when 355 cigarette butts were counted. A 
meeting occurred that day; the deviation probably repre¬ 
sents cigarettes smoked by visitors, whom the study was 
not designed to quantify. 

Table IV. Summary of Results from Assessments of 
Smoking Activity at the Test Floor of the Plaza 
Building 







Number of Cigarette 

Tues 

409 

Wed 

412 

Day 

Thurs 

412 

Fri 

426 

Butts 

Number of Occupants 

no 

108 

108 

108 

Number of Smokers 

36 

36 

37 

36 

Number of Nonsmokers 

74 

72 

71 

72 




m 

Table V. Summary of Results from Assessments oj 
Smoking Activity at the Test Floor of the Reynolds 
Building 1 

Dav 1 
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4 

Tues 

Wed 

Thurs 

Fri 

Number of Cigarette 

in 

263 

355 

224 

Butts 

Number of Occupants 

53 

51 

52 

50 

Number of Smokers 

21 

20 

21 

20 

Number of Nonsmokers 32 

31 

31 

30 


Isopropyl ether 

Methyl /-buryl ether 

1.1,2,2-Tetrachloro- 
e thane 


0.8 


0.8 


0.8 















t 


The data from the two buildings suggest an average 
smoking rate of 12.2 cigarettes per smoker per work-day. 
Assuming that smoking occurred dunng the normal 7- 
hour workday at the two buildings gives a smoking rate 
of 1.6 cigarettes per smoker per hour. This level of smok¬ 
ing activity is 18% less than the estimated national average 
rate of 2 cigarettes per smoker per hour (National Re¬ 
search Council, 19861. 

Contaminant Measu remen ts 

Of the 38 substances sampled, 24 were above limits 
of detection (LOD). Table VI lists the 14 substances that 
were not detected and their respective reported LODs 
reported by the comma laboratory. Some of the VOCs. 
such as carbon disulfide, were not expeaed to be found 
since they generally have no sources in buildings, these 
were tested, since their reporting was pan of EPA Method 
IP-IB fWinberry. 1989b] used by the contra a laboratory'. 
Additionally, the finding that ozone, ammonia, sulfur 
dioxide and nitrogen dioxide were below levels of detec¬ 
tion was not unexpected. The detea or tubes and 
monitors were intended to screen for problem levels of 
the four compounds. These levels are higher than the 
LODs associated with the detector tubes and monitors. 

+ 

Table VL Substances below Limits of Detection 
(Concentrations in %g/m3 unless otherwise indi¬ 
cated) 


Vinyl chloride 


1.7 


Substance 


Limit of Deteaion 


Ozone 


Ammonia 


Sulfur dioxide 


Nitrogen dioxide 


disulfide 


Carbon tetrachloride 



0.01 ppm 
0.1 ppm 
1.5 ppm 
1.5 ppm 


08 


0.8 



Ctoorometha 


ne 


0.8 


1.6 


.. 1.1-Dichloroethune 
fit- 

4 

7 *2*Dichloroethane 

>4 


0.8 


0.8 
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Of the 24 substances above LODs. four were not 
found in more than 50% of the office spaces in a given 
building. As a consequence, reliable averages or medians 
could not be calculated. These four compounds include 
chloroethane, chloroform, naphthalene and 1,1,2- 
trichio roe thane. Chloroethane was quantified at 15 
%g/nr } for a single sample at Building A. Chloroform w-as 
deteaed in nine of the 20 samples at the Plaza Building; 
concentrations ranged from 0.9 to 1.2 %g/m^. Naph¬ 
thalene was deteaed at 1.3 %g / nr* for one sample at the 
Plaza Building and in four samples at Building A: for the 
latter, concentrations ranged from 0.9 to I ,4%g'nv\ Final¬ 
ly, 1,1.2-trichloroethane w'as deteaed once at a con¬ 
centration of 1.5 %g/m^ at the Plaza Building, 

Table VII presents results for the 20 substances found 
above LODs in offices at the four buildings. Because 
many of the dau sets have subsuntial numbers of dau 
below LODs. median values are given here. (Medians, 
unlike averages, are not affeaed by the convention of 
assigning a numerical value to those dau below LODs 
(Gilbert, 19871.) Concentrations ranges are provided with 
the medians and are shown in brackets. To make the uble 
complete, results are summarized for every substance at 
each building, even for those substances where there 
were too few dau to produce a median value; these are 
in iulics with the median signified by NA for ’not avail¬ 
able." Results where medians are above limits of quan- 
tiution (LOQ) are in bold. 

Of these 20 subsunces above LODs. 16 show 
medians above limits of quantiution (LOQ), which are 
defined here as three times the respeaive LODs. The four 
that do not have medians above LOQs are carbon 
monoxide, formaldehyde, 4-methyl-2-pentanone and 
styrene. Some researchers have used carbon monoxide 
as an indicator of ETS. Results from this investigation 
show that the reliability of this subsunce is limited by its 
poor specificity. The highest level of carbon monoxide 
was found at Building B where smoking was restriaed to 
lounges. This level represents carbon monoxide originat¬ 
ing from outdoor sources, because the average con¬ 
centrations of carbon monoxide in the outdoor air 
supplied to the offices was 2.0 ppm. (As will be discussed 
below. ETS did not disperse from this lounge to the 
adjacent office spaces.) Those substances with medians 
above LOQs are discussed below, with the exception of 
carbon dioxide, which has been addressed above in 
conneaion with results from assessments of ventilation. 

For purposes of discussion, substances above LOQs 
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can be placed in two categories based upon whether or at the Reynolds and Plaza Buildings w-here unrestricted 

not they are found strictly indoors. The four substances smoking occurred. 

found only indoors were 1,4-dichlorobenzene, Eleven substances were found both indoors and 

trichloroethene, 2-butanone (methyl ethyl ketone or outdoors, these included RSP. UVPM, FPM, benzene. 

MEK) and nicotine. Airborne nicotine indicates the occur- ethylbenzene, toluene, xylenes, benzene, methylene 

rence of smoking (Nelson. 1990]. Nicotine was found only chloride, tetrachloroethene (perchloroethviene). l.i.i- 

Table VEL Summary of Results for Substances Found in Office Spaces ^ 
ax Levels Greater than Limits of Detection (medians and ranges in %g/m 
unless indicated otherwise) 

i 


Building 




Substance 

CO 2 (ppm) 

Reynolds 

500 [435-575] 

Plaza 

604 [558-620] 

A 

484 [333-542] 

B l 

575 [533-642] 

CO (ppm) 

1.3(0.7-2.01 

NA (<1.0-1.01 

2.0 (2.0-2.71 

2.4(1.3-3.01 

' 

Formaldehyde 0.027 (0.085-0-041 ] 

(ppm) 

0.034(0.024-0.0471 

0.018(0.012-0.0201 

0.033(0 030-0 0401 

RSP 

34 [<7-74] 

30 [<15-48] 

7[<9-201 

5 (<8-211 

UVPM 

26 (<5-56] 

16 [5-34] 

0.8 (<1-21 

2 [0.4-4] 

FPM 

15 [2-30] 

14 [3-31] 

0.2 [<0.2-0.4] 

1 [<0.2-2] 

Nicotine 

1.8 [0.1-11.7] 

2.3 [0.3-9.9] 

NA [<0.2! 

NA [<0.11 

Benzene 

2.1 (0.8-4.41 

4.8 [3.7-7.61 

3.5 [2.7-4.93 

1.7(1.4-3.61 

2-Butanone 

NA (<1.8-6.01 

5.6 [<2.2-14.0] 

NA (<1.8-3.61 

2.6 [<1.6-3.4] 

1,4-Dichlorobenzene 

NA [<0.8-2.01 

4.2 [<0.9-5.31 

NA [<0.91 

NA [<0.81 

Ethylbenzene 

1.1 (0.9-2.21 

3.0 [<0.9-4.0] 

1.6 (<0.8-3.61 

1.6(1.4-30! 

• 

4-Methyl-2-pentanone AM [< 1.81 

1.7 [<2.2-8.61 

NA [<1.8-3-31 

1.2(0.9-2.11 

Methylene chloride 

NA (<0.8-7.11 

NA (<1.1-6.31 

NA [<0.9-1.21 

8 [<0.8-23.0] 

Styrene 

NA (<0.9-1.31 

1.9(1.6-2.51 

NA [<0.91 

0.8 (<0.8-1.01 

Perchloroethylene 

1.5 10.9-341 

2.2 (1.4-2.8 

1.4(1.2-1.81 

2.6 [1.5-5-4] 

Toluene 

9-5 [4.7-17.0] 

19.5 [17.0-27.0] 

12.5 [8.6-21.0] 

21.51X7-62] 

Methylchloroform 

18.5 [4.9-73] 

50.5 [39-71] 

46 [25-58] 

29 [13-76] 

Trichloroethene 

2-8 [<0.8-16] 

8.2 [6.3-14.0] 

2.9 [2.4-4.81 

5.8[4.1-8.3l 

Trichlorofluoro- 

methane 

1.2(0.8-1.81 

1.2 [<1.8-29.0] 

NA [<0.9! 

5.213.9-7.1] ' 

Xylenes 

4.9 [<0.8-9.13 

12.0 [2.6-16.0] 

7.9 [5.8-16.0] 

6.0 [4.7-11.0] . 
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trichloroethane (methvichlo reform) and trichlorofluoro- 
roethane. These eleven substances can be grouped as 
particulate species (RSP, UVPM. and FPM): arenes (ben¬ 
zene, toluene, ethylbenzene, and xylenes): and 
chlorinated hydrocarbons (methylene chloride, 
perchloroethylene, methylchloroform. and trichloro- 
fluoromethane. 

Levels of particulate species are higher for the 
Reynolds and Plaza Buildings than for Buildings A and B. 
For RSP, this difference reflects, in part, differences in 
outdoor levels of RSP. At Buildings A and B indoor levels 
of RSP were no different from outdoor levels. At the Plaza 
Building the median outdoor level of RSP was 26 %g/m 3 . 
RSP because of its lack of specificity and sensitivity is a 
relatively poor indicator of particulate matter from ET5. 
Based on selectivity and sensitivity, UVPM is the better 
and FPM is the best of the indicators of total particles from 
ETS (Ogden, 19901. Based on FPM results, the estimated 
contribution of particles from smoking in the Reynolds 
and Plaza Buildings is. on average, about 15 %g/rrr. 

The arenes are associated with products of combus¬ 
tion, solvents, and motor fuels. The presence of arenes 
both indoors and outdoors is expected, especially since 
all four buildings are located in urban areas. Indoor levels 
of arenes are at essentially the same magnitude at all four 
buildings. 

The chlorinated hydrocarbons are associated with 
toivents, dry cleaning operations and residues on cloth¬ 
ing, and refrigerants (trichlorofluoromethane only). 

At the four buildings, levels of all contaminants were 
within respective standards used for industrial hygiene 
applications. Relative to such standards, benzene 
reached the highest level for the VOCs. The maximal 
concentration of benzene, 7.6 %g/m 3 , is more than four 
orders of magnitude below the ACGIH (8-hour time 
weighted average) threshold limit value (TLV) of 32 
mg/m 3 [ACGIH, 19901. All levels of formaldehyde are 
below both federal and sute standards as tabulated in 
Appendix C of ASHRAE Standard 62-1989. The largest 
concentration of CO was 3 0 ppm; this value, the main 
•ource of which is likely automobile emissions, is well 
within both the ACGIH TLV of 50 ppm and the 8-hour 
average of 9 ppm recommended in ASHRAE Standard 
62-1989. In addition, levels of RSP are below levels sug¬ 
gested by the ASHRAE Standard. The greatest concentra¬ 
tion of RSP (measured in the private office of a smoker) 
was 74 %g/m 3 . The standard closest to the averaging time 
of this approximately 7-hour sample is the 24-hour 
^^siage value of 150 %g/m 3 . 

Results indicate that the smoking lounges at Build¬ 
ings A and B were effective at preventing dispersal of 
•tnoke from them to offices on the same floor. The 
tobacco-specific contaminants, nicotine, UVPM and FPM 
either below- the limit of detection (as was the case 
fc* nicotine) or at background levels determined in the 
0utc toor air. These results are expected based upon rwo 
kcts. First, air from both lounges is exhausted from each 


building rather than being recirculated. Second, results 
from assessments of ventilation showed that the lounges 
had adequately balanced air distribution systems and 
were at a pressure slightly negative relative to adjacent 
occupied spaces on the floor. 

CONCLUSIONS 

Investigations of indoor air quality in rwo buildings 
where smoking w'as unrestricted and rwo buildings 
where smokinz was restricted to lounces showed: 
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In these buildings, with the HVAC systems ade¬ 
quately designed, operated in accordance with 
the current ASHRAE Standard and properly main¬ 
tained, all indicators w-ere well within applicable 
standards, regardless of the smoking policy. 

Smoking activity had a negligible effect on con¬ 
taminant levels in buildings where smoking was 
unrestricted. Although levels of some con¬ 
taminants were higher than those in the buildings 
w'here smoking was restricted, all contaminants 
measured were well within applicable standards. 

Restricting smoking to lounges eliminated non- 
smoker exposure to ETS by preventing smoke 
from dispersing to adjacent areas. No tobacco- 
specific contaminants were measured in office 
spaces on the same floor tested. 

Smoking was associated with increased indoor 
levels of respirable suspended particles (RSP), but 
these increases were small with ventilation rates 
conforming to the current ASHRAE Standard 62- 
1989. RSP levels were all within accepted stand¬ 
ards in all four buildincs dunne all tests. 


Many substances that are associated with ETS are 
ubiquitous products of combustion and are. 
therefore, not tobacco-specific. Consequently, at¬ 
tempts to assess ETS levels based on measure¬ 
ments of such combustion products as carbon 
monoxide, RSP, benzene, toluene and xylenes 
cannot provide reliable indications of ETS levels 
unless, (a) measurements are made both inside 
and outside the building to gauge the levels of 
contaminants contributed from outside, and; (b) 
the contribution of contaminants from all inside 
sources is identified. The difficulty of performing 
this type of analysis generally makes it impractical 
to use common combustion products as in¬ 
dicators of ETS. 


Ventilation rates indicated by controls on HVAC 
systems using VAV technology can be inaccurate 
if the controls for makeup air are not calibrated at 
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the minimum ventilation rates specified by ASH- 
RAE. In both buildings with VAV systems, actual 
ventilation rates were considerably higher than 
those indicated by the controls. Based on ASH- 
RAE standards, these rates could be lowered to 
save energy while still providing acceptable in¬ 
door air quality. 
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APPENDIX 

RSP and UVPM were determined by the method 
described by Conner et al. (Conner. 1990). For this 
method, samples are collected with a system comprising 
a constant-flow sampling pump (SKC. Inc., Eighty-Four. 
PA), an inertial impactor separating at 2.5 %m. and a 
37-mm Fluoropore membrane filter enclosed in a filter 
cassette (Millipore Corp., Bedford, MA). Filters are ta red 
and weighed with a Mettler balance having a readability 
of 1 %g (Mettler Instrument Corp., Hightstown, NJ). Each 
reported result is the average of five replicate measure¬ 
ments. 

Analyses for UVPM and FPM (Ogden. 1990) use the 
same RSP sample and rely on an automated system con¬ 
sisting of standard HPLC equipment including 
autosampler, pump, and detector with the exception that 
no analytical column is used. After the determination of j 
RSP is finished, the sample and filter are extracted with J 
4-mL methanol and an aliquot of the extract is introduced 
into two detectors, arranged in series. First, ultraviolet 
absorbance at 325 nm is measured, and then, fluores-I 
cence (excitation. 300 nm; emission. 420 nm). For both.l 
resulting peaks are integrated and compared to peak 
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areas generated from injection of surrogate standard solu¬ 
tions. The UVPM analysis used 2.2\4.4’-tetrahydroxyben- 
zophenone as the surrogate; FPM analysis, scopotetin. 

Nicotine and volatile organic compounds were 
determined by EPA Method IP-2B (Winberry, 1989a) and 
EPA Method IP-1B (Winberry, 1989b), respectively. 
Samples for nicotine are collected with a system having 
as major components a constant flow sampling pump 
(SKC. Inc.) and an sorbent tube containing XAD-4 resin 
(SKC. Inc.) Nicotine is desorbed from the resin with ethyl 
acetate and analyzed by gas chromatography (GC) with 
nitrogen selective detection. The sampling system used 
for collecting VOCs includes a constant flow sampling 
pump and a sorbent tube containing Tenax. Analysis 
involves GC with mass spectrometric detection, i.e^ GC- 
MS. 

Formaldehyde was determined by NIOSH Method 
4500 (NIOSH. 1984). Samples are collected with a system 
which includes a constant flow sampling pump and an 
impinger containing sodium bisulfite solution. After sam¬ 


pling is complete, the solution is treated with 
chromotropic acid and absorbance is measured 
spectre photometrically. Carbon dioxide was determined 
with a Riken Portable Infrared Gas Analyzer Model Rl-411 
(CEA Instruments. Inc.. Emerson, NJ). Carbon monoxide 
was determined with an Ecolyzer Model 211 (200 Series) 
Monitor (National Draeger, Inc., Pittsburgh, PA). Sulfur 
dioxide and nitrogen dioxide were determined with a 
Sensidyne Sulfur Dioxide Mini Monitor and a Sensidyne 
Nitrogen Dioxide Mini Monitor Model ND-2B, respective¬ 
ly (Sensidyne, Inc., Largo, FI). Concentrations of am¬ 
monia (NH 3 ) and ozone (O 3 ) were screened with 
detector tubes (Sensidyne, Inc.). 

All monitors were calibrated daily before and after 
use with gaseous standards. 


Guy B Oldaker III, Pb.D ., is senior staff research and 
deielopment chemist at R.J. Reynolds Tobacco Company , 
Winston-Salem, North Carolina , 
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removed by diffusion «nd other mechanical collection mechanisms, are effectively 
captured by electrostatic forces. 

References 

Harrison AW (1978) Quiescent boundary layer thickness In aerosol enclosures under convective 
stirring conditions. J Colloid Interface Sci 69:563-570 
Yoshtda T. Kousaka Y.Okuyama K (1979) Aerosol science for engineers. Power Co Ltd, pp 131- 
132 


9U928£S02 


Results from Surveys of Environmental Tobacco Smohe 
in Offices and Restaurants 


G.B.OIdakcr III, P. F. Perfetti, F.C.Conrad Jr., J.M.Conner, 
and R. L. McBride 


Summary 

Surveys were conducted in several major cities in order to estimate the exposures of 
occupants in offices and restaurants to environmental tobacco smoke (ETS). Concentra¬ 
tions of ETS were estimated by measuring vapor phase nicotine and ultraviolet 
particulate matter, an empirically derived parameter providing an upper limit for the 
contribution of ETS to respirable suspended particles (RSP). Area samples were 
collected with portable air sampling systems (PASS), which are battery-powered devices 
contained in otherwise ordinary briefcases, a design allowing sampling to be performed 
unobtrusively. Nicotine was determined with gas chromatography and nitrogen specific 
detection. UV-PM was determined spectrophotometrically by analyzing methanolic 
extracts of RSP collected after separation at 3.5 pm with an inertial impact or. For offices, 
mean concentrations of nicotine, UV-PM, and RSP were 4.8, 27, and 126 pg/m’, 
respectively. Mean concentrations of nicotine, UV-PM, and RSP for restaurants were 5.1, 
36,and I26pg/m\ respectively. 

Within the past decade, environmental tobacco smoke (ETS) has emerged as a 
major issue within the general subject area of indoor air quality. The issue has 
acquired increased attention owing to recent reports by the U.S. Surgeon General (28) 
and the National Academy of Sciences |5). Reviewing results from epidemiological 
investigations, these two bodies concluded that there exists a causal relation between 
exposure to ETS and incidence of lung cancer. TMI WKfWlM hid sfMfsd cotrtitHt 
veny for several reasons: resifll of th* ttvtsflfMfoni vary In terms of epidemiological 
and statistical significance and overall quality; relative risks Indicated are low within 
the context of epidemkriogicat atsodatfons; consistent " doss ■’-res pose retafiomhtpa 
are not observed (with dose hdbrrsd ffotU q u —ti on n atrsa regarding spouses' smoking 
behavior); and the experimental designs of tha investigations admit the strong 
possibility of influence by biases and confounding. A scientifically rigorous approach 
to clarify controversial issue calls for quantifying exposures and doses of the subject 
populations either included in or affected by epidemiological investigations |4|. 
Toward this goal, scientists with the tobacco industry have been engaged in develop¬ 
ing and applying sampling technologies and analytical methodologies for assessing 
exposures to ETS in indoor environments. This paper summarizes progress in 
connection wilh surveying exposures in offices and restaurants, two important, public 
environmental categories. Results from one of the several surveys conducted have 
been presented earlier by Conner et al. (7). 
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Experimental Method 

Surveys were performed In four major dties In the U.S. and Canada during the spring, 
summer, and autumn months. The cities all have populations greater than 100,000. At 
least 30 samples were acquired for each environmental category in each city. Offices were 
surveyed in all cities; restaurants were surveyed in three cities. Sampling was conducted 
either by scientists with the tobacco industry or by independent contractors. 


Selection of Sampling Sites 

Offices were selected based upon the criterion that they be shared by two or more persons 
of whom at least one smoked. Office managers were informed of this criterion and given a 
description of guidelines regarding appropriate sampling locations. These guidelines 
were contained in a protocol prepared as part of the overall project efTort. Based upon 
these, managers selected offices to be sampled. Sampling was performed during normal 
business hours. None of the offices had smoking restrictions. 

Restaurants were selected from listing* contained within telephone directories. 
Sampling was performed during normal lunch and dinner hours. None of the restaurants 

had smoking restrictions. 


Selection of Sampling Locations 

Sampling locations within offices and restaurants were selected bated upon a protocol’s 
guidelines, which were derived from those described by Negda and Rector (I9|. The 
protocol was prepared in response to recommendations of the American Chemical 
Society 111 and. in addition, was patterned after quality Assurance Project Plans required 
by the U.S. Environmental Protection Agency for projects conducted by them (211. 


Sample Collection 

Area samples were collected with Portable Air Sampling Systems (PASS) (16), which 
from the outside appear to be ordinary briefcases. During operation the PASS remains 
closed. An on-off switch is located beneath the briefcase’s handle, ami inlet and exhaust 
ports are fashioned of brass to match the briefcase’s normal hardware. With these 
battery-powered devices, integrated samples are obtained for determining concentra¬ 
tions of vapor phase nicotine, respirable suspended particles (RSP), and ultraviolet 
particulate matter (UV-PM), an empirically defined measure providing an upper estimate 
of the contribution or ETS to RSP. Eudy et al. |9) and Eatough et at. |8) have reported 
that at least 90% of nicotine associated with ETS is in the vapor phase. The PASS is also 
equipped with three monitoring devices including a carbon monoxide monitoring 
system, a thermistor, and a pressure transducer, the latter two which enable volumetric 
results to be adjusted to actual conditions of temperature and pressure. Data provided by 
monitoring devices are stored in a data logger. (Efforts to reduce and interpret carbon 
monoxide data are in progress; consequently, carbon monoxide measurements are not 
discussed further here.) 

The PASS’S nicotine sampling system includes a sorbent tube containing X AD-4 resin 
connected with a short section of rubber tubing to a constant flow sampling pump 
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operated at I l/min. The major components of the sampling syslem for particulate mailer 
species are an inertial impaclor separating at 3.5 pm, a filter assembly housing a 
Eluoropore membrane filter, and a constant flow sampling pump operated at 2 l/min. 
The inertial impaclor is sized to correspond to that employed in piezoelectric balances 
manufactured by TSI, Inc., St. Paul, MN. 

Samples were collected for a minimum of I h In order to provide adequate material for 
the gravimetric determination of RSP. 


Analysis 


Nicotine was analyzed with a method representing an enhancement of the method 
employed by the U.S. National Institute of Occupational Safety and Health (NIOSH) 
1201. This enhanced method, which entails gas chromatography and nitrogen specific 
detection, has been described by Ogden et al. (22). lire gravimetric method for 
determining RSP was derived from the method described by Treitman et at. (27). UV-PM 
was quantified according to the method described by Conner et al. (6). For this method, 
filters employed for the RSP determination are extracted with methanol and the 
absorbance of the methanolic extract is measured spectrophotometrically at 325 nm. 
Masses of UV-PM are then interpreted with a standard calibration curve obtained from 
generating known concentrations of ETS in an environmental chamber (I2|. The 
methods for determining RSP and UV-PM have been shown to be unbiased relative to 
piezoelectric balances 114|. 

To ensure further the quality of results, collaborative tests were conducted involving 
laboratories engaged in the surveys. Results from these tests have been reported by 
Ogden and Conner (23). 


Results and Discussion 

Data from determinations of nicotine, UV-PM, and RSP for restaurants and offices 
associated with each city were analyzed statistically. These analyses indicated that each 
data set associated with each city was distributed log-normally. Moreover, these analyses 


Table I. Summary of results for measurements of ETS in offices and restaurants. Concentrations in 
MB/m’ 



Nicotine 

UV-PM 

RSP 

Offices 

Mean 

4.8 

27 

126 

Range 

0-69.7 

0-287 

0-1,088 


(n = 156) 

(n= 125) 

(n = 131) 

Restaurants 

Mean 

5.1 

36 

126 

Range 

0-23.8 

0-184 

0-685 


(n = 170) 

(n = 82) 

(n = 83) 


Source: httpsj/www.industrydocuments.ucsf.edu/docs/hkbjOOOO 
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showed that no statistically significant differences existed among the data sets for the 
cities. Consequently, results for each analyte were pooled and geometric means were 
computed. Results for offices and restaurants are summarized in Table I. 


Offices 

For offices, nicotine results are consistent with those previously reported. Hammond et 
al. | II | found concentrations of nicotine in offices that ranged from 3.1 to 28.2 pg/m\ 
These researchers used personal sampling devices that collect nicotine on Teflon-coated 
glass fiber filters treated with sodium bisulfite. Muramatsu et al. 117.181 employ personal 
sampling devices utilizing Uniport-S coated with silicon OV-17 for the collection of 
nicotine. They reported average nicotine concentrations ranging from 5.9 to 22.2 pg/m J 
for 8-h-sa tuples collected in three offices. Weber and Fischer |29| reported much lower 
concentrations of nicotine in offices. These researchers, however, employed Cambridge 
filters to collect nicotine, and as Badre et al. |3J have observed, substantial losses of 
nicotine occur with this procedure. 

The mean concentration of RSP, l26Mg/m\ « well as the range of concentrations, 0 
to 1,088 Mg/nA «re comparable to results reported by Weber and Fischer |29|. Using a 
piezoelectric balance, these researchers reported mean and maximum RSP concentra¬ 
tions of 170 and 1,130 pg/m’. respectively, for samples collected in 44 workrooms. This 
same measurement technique was used by Quant et al. |25| who reported average 
concentrations of RSP ranging from 36 to 89 pg/m* during daytime periods in three 

offices. 

The UV-PM results strongly suggest that a substantial portion of the RSP measured 
originates from sources other than ETS. Thus, based upon comparisons of the tabulated 
means, UV-PM represents about 20% of the RSP. This observation points to RSP’s lack 
or specificity and therefore its general inappropriateness for use as an indicator of ETS in 
settings outside of the laboratory. 


Restaurants 

Results associated with restaurants are also consistent with results previously reported. 
Muramatsu et al. (I7| collected eight l-h-iamples in five restaurants; they reported mean 
and maximum nicotine concentrations of 14.8 and 27.8 pg/m\ respectively. (Hinds and 
First f!3| used Cambridge filters to collect nicotine and reported much lower 
concentrations of nicotine in restaurants. However, as was noted above, their results are 
presumed to be biased owing to low collection efficiencies of the filters.) 

Survey results for RSParecomparable to results reported by Repacc and Lowrey (26), 
who surveyed RSP with a piezoelectric balance In 10 restaurants. RSP concentrations 
ranged from 29 to 414 jig/m’ for 13 sampling periods or times ranging from 2 to 40 min. 
These researchers attempted to assess the contribution of smoking to indoor concentra¬ 
tions of RSP and to demonstrate the validity of a model for estimating such contributions 
based upon number of occupants and room volume. A mean RSP concentration of 42 pg/ 
m* was found in no-smoking sections and placei where smoking was not seen to occur. I n 
places where smoking occurred, a mean RSP concentration of 171 pg/m' was found. 
Although smoking was observed in all the restaurants surveyed by us. smoking was not 
continuous. Thus, mean results would be expected to fall between these two means, as 
indeed is the case. 
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The UV-PM results for restaurants are similar to those of offices. Thus, relative to the 
tabulated mean RSP, UV-PM makes about a 30% contribution. 


Estimation of Exposure to ETS 

'Bmimm Its flft f UM m w ft i tw # — ii likedr* M UV-FW tt ft c Hd M rttoii m b> twmdn 

order to place these results in a more convenient form for discussion and interpretation, 
many researchers have employed the cigarette equivalent concept (13, 17, 24, 26, 29J. 
Assumptions atttending use of this concept have been described 128). Here, exposures are 
estimated from the mean nicotine concentrations reported in Table I. (Exposures 
estimated from mean nicotine concentrations are higher than those computed from UV- 
PM results, with the assumption made that UV-PM is equivalent to "tar" as defined by the 
Federal Trade Commission.) Also assumed for estimation of exposures are a breathing 
rate of 8.61/min, which corresponds to miscellaneous office work (2|, and a U.S. tales 
weighted average "aqifriE M dgtftW tetivering 0.88 mg nicotine [ 10,15J. According¬ 
ly, estimated mean exposures for an eight-hour work day in an office is 0.02 cigarette 
equivalent and for a l-h meal in a restaurant, 0.003 cigarette equivalent. 
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Strategy for Future ETS Exposure Measurements Relative 
to Its Transient Nature and Other Indoor Air Pollutants 

I. O’Neill 


Introduction 

From the outset, it has not been possible to relate exposure to individual components of 
mainstream (MS) and environmental tobacco smoke (ETS) 1 with important biological 
outcome in humans. We do know from the extensive studies by Spengler et al. (1985), 
Wallace et al. (1985), Hirayama (1981), both that ETS is a main indoor source of airborne 
particulates and volatile carcinogens, and also that passive exposure to tobacco smoke 
seems associated with increased risk of lung cancer. Following on the I ARC evaluation of 
ETS carcinogenicity 2 (IARC, 1986), there are substantial problems in devising the 
appropriate strategy for exploring the relationship between ETS pollution and the 
biological outcome in humans. Looking at this another way, there is a fundamental gap 
between the epidemiological and experimental approaches to this problem. Discussed 
below are the key problems of the multiplicity of pollutants in indoor air and the 
potential importance of active although transient components; this discussion is related 
to some IARC activities in this field. 


Biologically Active Components of Indoor Air Pollution 

Since most people spend 75% to 90% of their time on average breathing indoor air (NRC 

1981) , and building design has changed greatly In recent years (Mage and Gammage 
1985), a number of recent studies have examined the biological activity of indoor air and 
substances infiltrating from outside. Mutagenicity of indoor air has been compared to 
indoor activities in studies in the Netherlands (Van Houdt et al. 1984), USA (Lewlas 

1982) , Finland (Salomaa 1987) and Norway (Lofroth et al. 1983). It is notable, however, 
that the levels of airborne particulate found, for example, by Spengler et al. (1985) in the 
USA are much lower than Ihose arising from unventilated combustion of biomass in non¬ 
indust Hal i red countries (WHO 1984) where respiratory illness is often a major 
contributor to mortality for women who are almost entirely nonimokers. Hence, there 

1 The Sixth World Conference on Smoking and Health (Tokyo, 9-12 November, 1987) resolved 
that ETS is a misnomer implying a natural component of the environment. In the absence of any 
proposed alternative. ETS, however, it uted in thix paper. 

2 This IARC working group evaluation included the following statement: "The observations on 
nnmmokers that have been made to far are compatible with either an increased risk from 
"passive" smoking or an absence of risk. Knowledge of the nature of sidestream and mainstream 
smoke, of the materials absorbed during "passive" smoking. and of the quantitative relationships 
between dose and effect that arc commonly observed from exposure to carcinogen!, however, 
leads to the conclusion that passive imoking gives rise to lome risk of cancer". 


H. Kasitga (F.d.) Indoor Air Quality 
C Springer-Verlag, Berlin HeHetheig IW0 
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RESULTS FROM A SURVEY OF ENVIRONMENTAL 
TOBACCO SMOKE (ETS) IN RESTAURANTS 



William E. Crouse, M. S. Ireland, J. M. Johnson, 

R. M. Striegel, Jr., C. S. Williard and R. M. DePinto 

Lorillard Research Center 

420 English Street 

Greensboro, North Carolina 27420 

Guy B. Oldaker III and Randall L. McBride 
R.J. Reynolds Tobacco Company 
Research and Development Department, 

Bowman Gray Technical Center 
Winston-Salem, North Carolina 27102 


Over the past five years there has been increasing interest in the 
discipline of indoor air quality as evidenced by the burgeoning number 
of publications appearing in the literature. In this context, the 
effect of environmental tobacco smoke (ETS) upon indoor air quality is 
both a controversial and rigorously studied topic. The need for an 
exposure database is apparent. In response to this need, ETS exposures 
o£ occupants In restaurants in Greensboro, NC were estimated by meas¬ 
uring vapoT phase nicotine, reapirable particulate matter (RSP), and 
ultraviolet particulate matter (UV-PM) , an empirically derived param¬ 
eter providing an upper limit for the contribution of ETS to respirable 
suspended particles (RSP). One hour integrated, area samples in 42 
restaurants were collected with portable air sampling systems (or 
PASS*s). The PASS is a battery-operated device contained in what 
appears to be an ordinary looking briefcase,.allowing sampling to be 
conducted without affecting occupants 1 ordinary activities. 

Nicotine was quantified by gas chromatography and nitrogen selec¬ 
tive detection. UV-FM was quantified spectrophotometrically by the 
analysis of methanollc extracts of the RSP fraction collected after 
separation at 3.5 urn with an inertial impactor. RSP was determined 
gravimetrically with an electrobalanct. 

Geometric mean concentrations of nicotine, UV-PM and RSP were 5.9, 
26.1 and 62.0 ug/m~3» reapectively. Results are consistent with 
results obtained during previous PASS surveys of ETS conducted in three 
other U. S. cities. 
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Introduction 

Environmental tobacco smoke (ETS) la a major indoor air quality 
Issue owing to recent reports by the U. S. Department of Health and 
Human Services (1) and the National Academy of Sciences (2). These 
reports* however* draw their conclusions and recommendations from a 
very limited number of data on ETS exposures. In order to determine 
the effect of ETS upon indoor air quality and to estimate ETS exposure* 
it is necessary to conduct measurements. Toward these goals* we 
surveyed restaurants in Greensboro, NO. We report survey results and 
describe methodologies. 

Experimental Methods 

The survey was conducted tn 42 restaurants in Greensboro, NC which 
has a population greater than 100*000. Restaurants were randomly 
•elected from a restaurant guide and a on-line electronic Yellow Pages 
database. An attempt was made to distribute the sites in s representa¬ 
tive manner. Restaurant! were categorized as American Style, Fast 
Food, Ethnic Food and Other (ice cream, pizza etc.). Cafeterias ware 
not selected owing to difficulties of carrying treys and sampling 
equipment at the same time. The number of restaurants chosen for each 
style category was based upon the proportion relative to the total 
number of restaurants. 

All restaurants had seating for 50 or more patrons; none had 
smoking restrictions. 


Selection of Sampling Locations 


Sampling locations were selected based upon guidelines described 
by Nagda and Rector (3). Sampling units were placad two to six feet 
above floors and as far removed from walls as practical. Sampling 
locations subject to the direct influence of ventilation ware avoided 
as were locations which might have resulted in sampling of sidestream 
•aoke. When present* tbe host or hostess was allowed to select seating 
locations; otherwise searing locations were selected in order to be as 
close as possible to the canters of the rooms. Generally, the PASS was 
placed upright in a vacant aaat in order to obtain samples as closa to 
the breathing zona as practical. 

Sample Collection 

Integrated area saarples were collected for approximately one hour 
with PASS, The PASS la battery-powered and designed to appear as an 
ordinary briefcase. During operation, the PASS remains closed. 


While samples ware collected, observations were recorded includ¬ 
ing: (a) number of cigarettes smoked; (b) description of the ventila¬ 
tion system, e.g. number and location of supply and return vents; and 
(c) dimensions of the dining space. 


Exterior modifications to the PASS include brass inlet ports for 
the nicotine and particulate matter sampling systems and an on-off 
•^tch located beneath the handle. The nicotine system consists of a 
constant flow sampling pump connected with the rubber tubing to a 
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sorbant tube containing XAD-4 rssin. During sampling, the inlet of the 
sorbent tube projects approximately 2 cm from the port on the brief¬ 
case’s exterior. 


The major components of the stapling system for particulate matter 
are an inertial lspactor with a theoretical cut point at 3.5 um, a 
filter assembly housing a Fluoropore membrane filter, and a constant 
flow stapling pusrp operated at 2 L/min. The PASS also contains a 
thermistor and a pressure transducer allowing volumetric data to be 
adjusted from standard conditions of temperature and pressure (25*C and 
760 torr) to actual conditions. Pump calibrations were checked with a 
film flow meter at the end of each sampling day and the results were 
deemed acceptable if flowrates were within 51 of initial calibration 
value. 


Analytical Methods 


Vapor phase nicotine was analysed by the method described by Ogden 
et al. (6). This method employs gas chromatography with nitrogen 
selective detection and represents an enhancement of the method em¬ 
ployed by the U. S. National Institute of Occupational Safety and 
Health (NIOSH). Respirable suspended particles (ESP) were determined 
gravlmetrically according to the method described by Conner et al. (7). 
Filters were weighed with an electronic microgram balance. 


UV-PM was quantified according to the method described by Conner 
et al. (7). Filters employed in the RSP determination were extracted 
with methanol and the absorbance of the methanolic extract was then 
measured spectrophotometrically at 325 na. 


Masses of UV-PM are interpreted from a calibration curve based 
upon ETS standards prepared in an environmental chamber. RSP results 
give an upper estimate of potential UV-PM. Results from experiments 
conducted in an environmental chamber show that the RSP and UV-PM 
methods provide results equivalent to piezoelectric balances (8) • 

Results and Discussion 


For interpretation, data were excluded for those samples where 
smoking was not visually observed. This approach is therefore expected 
to ensure that exposures are upper estimates. 


In many instances, environmental data are asymmetrical, conse¬ 
quently the syxcmetrical normal distribution is not a suitable model for 
estimating means. Typically, the log normal model is used to describe 
these types of air quality data. The first step in the analysis was to 
determine the true distribution of the data shown in Table I. A one 
saople Kolmogorov-Smimov test was used to determine whether the skewed 
nicotine, UV-PM, RSP and CO data sets fit a normal distribution (9). 
Results indicated that the nicotine, UV-PM, RSP and CO are better 
described by a log normal distribution hence, the geometric mean is 
appropriate to express central tendency. Frequency distributions for 
each analyte are presented in Figure I. Summary statistics from 
measurements of nicotine, UV-PM, and RSP are presented in Table III. 
Arithmetic means for each analyte are included. Reported concen¬ 
trations are at actual conditions of temperature and pressure. Carbon 
monoxide data are reported in Table II. 



Source: httpSj/www.industrydocuments.ucsI.edu/docs.'hkbjOOOO 


2057826253 


Correlation* were investigated among nicotine. UV-PH, RSP, and CO 
results as veil as smoking observations. Pearson’a correlation coeffi¬ 
cients (r) for first order regressions of the log transformed 
measurements vere computed. Correlations shown to be statistically 
significant (alpha - 0.05) are presented in Table IV along vith their 
respective probabilities. 

Results from determinations of nicotine and RSP are consistent 
vith results previously reported in a review by Sterling et al. (10). 

The significant correlation shown between nicotine and UV-PH in smoking 
environments is attributed to the specificity of each analyte to ETS. 

The degree of correlation exhibited between RSP and UV-PH presumably 
reflects their comaon sample phase. A significant correlation was 
exhibited between nicotine and carbon monoxide concentration. However 
the ability to interpret the aignlficance of this correlation is 
constrained owing to the absence of outdoor carbon monoxide con¬ 
centrations. A statistically significant correlation between nicotine 
and RSP was not observed. Nicotine gives a statistically significant 
correlation with cigaratta rate density expressed in terms of 
cig/» A 3/h; a relationship which was not observed with RSP. Lack of a 
statistically significant correlation may be attributed to sources of 
RSP other than ETS. 

Results of an analysis of variance (ANOVA) demonstrate that 
nicotine data are statistically equivalent (alpha < 0.05) vith nicotine 
results reported by Jenkins et al. who employed a Tenax based, personal 
monitoring system (11). This finding suggests use of an area sampling 
strategy for estimating personal exposures may provide results compara¬ 
ble to those from the use of a personal sampling device. However, 
confirmation would require a side by side sampling strategy. 

Estimation of Exposure to ETS 

In order to place these results into a convenient form for 
discussion, some researchers have employed the concept of the cigarette 
equivalent to estimate exposure (12-17). The basic assumptions 
regarding the use of this concept have been described (1). Cigarette 
equivalent exposures are estimated from the mean nicotine and UV-PH 
concantrationa reported in Table II. An assumption is made that UV-PH 
is equivalent to “tar" as defined by the Federal Trade Commission. A 
breathing rate of 8.6 L/min, which corresponds to miscellaneous office 
^ork, also is assumed (18) as well as a U. S. sales weighted “equiv¬ 
alent cigarette" delivering 0.82 mg nicotine and 12.08 mg "tar" (19). 

The estimated mean exposures in restaurants for nicotine and UV-PH in 
cigarette equivalent par hour are 0.0055 and 0.0014 respectively. 

These values correspond to 7.6 and 30 days of continuous exposure in 
order to receive one cigarette equivalent of nicotine and "tar." The 
*«»n cigarette equivalent and their respective ranges era presented in 
Table V for nicotine and UV-PH. 

exclusions 

An ETS survey of restaurants located in a major U. S. city was 
conducted with PASS*a. Integrated eras measurements of nicotine, 
y^-PH, RSP, and CO concentrations were conducted for approximately one 

Results of this survey show that the v . estimated average exposure 
to ETS was 50 to 1000 times lower than exposures associated with 
Poking of a single sales weighted average cigarette. 
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For the analytes employed 
to be the best Indicator of 
owing to its lack of apecifi 
marker in this environmental 


this investigation. 
Results strongly sug, 
is inappropriate for 


nicotine is shown 
est that RSP, 
use as an ETS 


Nicotine results obtained fro* use of the PASS methodology were 
determined to be comparable with results obtained with a personal 
monitoring system. Thi6 finding suggests the use of area samples for 
estimating personal exposures aay be appropriate. 
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fuaber 

Nicotine 

UV-PM 

ESP 

CO (ppa) 

001 

17.9 

42.9 

66 

4.0 

002 

3.8 

28.4 

122 

2.4 

003 

3.9 

U) 

38 

2.1 

004 

13.2 

15.2 

19 

1.7 

005 

24.2 

58.2 

159 

3.8 

006 

6.9 

16.1 

55 

2.3 

007 

15.4 

64.7 

133 

3.3 

008 

4.7 

32.0 

32 

1.8 

009 

2.1 

15.7 

16 

2.9 

010 

2.3 

15.1 

37 

1.7 

011 

1.9 

15.6 

59 

1.4 

012 

3.5 

16.2 

30 

4.9 

013 

3.1 

16.2 

65 

2.1 

014 

29.4 

36.2 

116 

6.3 

015 

21.8 

168.0 

201 

3.4 

016 

3.5 

18.0 

18 

2.3 

017 

6.4 

16.8 

22 

3.6 

018 

10.4 

15.8 

18 

1.5 

019 

7.8 

26.5 

98 

1.7 

020 

8.9 

17.5 

68 

3.9 

021 

3.1 

16.5 

57 

1.7 

022 

34.7 

58.5 

149 

2.4 

023 

5.5 

48.1 

133 

3.5 

024 

1.7 

17.4 

129 

1.3 

025 

5.2 

16.0 

50 

3.0 

026 

1.9 

70.3 

172 

1.6 

027 

5.4 

20.9 

52 

3.1 

028 

1.6 

15.7 

61 

0.9 

029 

4.4 

15.3 

84 

2.4 

030 

3.1 

51.2 

221 

42.3 (b) 

031 

5.4 

135.0 

135 

1.6 

032 

9.0 

16.0 

84 

4.0 

033 

7.9 

15.8 

39 

2.5 

034 

3.7 

21.4 

93 

1.2 

035 

1.6 

16.5 

17 

2.0 

036 

22.5 

21.3 

17 

2.3 

037 

8.4 

38.2 

120 

3.8 


^ saaple lost during workup 

unvented gas burner within 1 b of PASS 
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Table II 


Carbon Monoxide Concentrations in Greensboro Restaurants 
(PP») 


Range 


Geometric 

Mean 


0.9 



2.4 


Arithmetic 

Kean 


2.6 


Std. Dev. 
(Geometric) 

1.5 



Table III. Suanary Statistics for ETS Measurements in Greensboro 

Restaurants 


Analyte 

Mean (yg/m~3) 

Range (tig/m*3) 

N 

Nicotine 

GM 

5.3 i 2.4 

1.6 - 34.7 

37 


AM 

8.6 



UV-PM 

GM 

26.1 £ 1.9 

15 - 168 

36 


AM 

34.1 



RSP 

GM 

62.0 i 2.2 

16 - 221 

37 


AM 

80.8 




GM - Geometric Mean 
AM - Arithmetic Mean 


Table IV. 


Suaoary of Statistically Significant Correlations for 
Greensboro Restaurants (Log Transformed Values) 


Correlation R P N 


Nicotine:UV-PM 

0.3981 

0.008 

36 

Nicotine:Cigarette Rate Density* 

0.4475 

0.003 

37 

Nicotine:Carbon Monoxide 

0.5274 

<0.001 

36 

UV-PM:RSP 

0.6941 

<0.001 

36 


cigarettes/*"3/h 


Table V. Estimated ETS Exposures for Greensboro Restaurants 


Analyte 


Nicotine 


Cigarette equivalent/hr. 

Mean 

0.0037 


Range 



0.001 - 0.02 


UV-PM 


0.0018 


0.0006 - 0.007 


221 
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A Thermal Desorption Method for the Determination of Nicotine In Indoor 
Environments 


Cyrff V. Thompson,* Roger A. Jenkins, and Caci E. Higgins 
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• Niootine, the major, unique c ompon ent of the pa phase 
of environment*] tobacco josoke (ETS), has bate employed 
as a marker for aatimating exposure to ETS. A persona] 
monitoring system for the determination of exposure to 
nicotine has been developed. The system consists of a 
sampling cartridge packed with 200 mg of Tenax GC and 
a small, constant-flow, personal sampling pump. After 
sampling, the cartridges are analyzed by trie thy Umine- 
assisted thermal deaorption gas chromatography with 
nitrogen-selective detection. Collection and deaorption 
efficiencies for the cartridges have been determined. The 
system has baen evaluated in control!ed-atmosphere 
chambers, and applied in a variety of work sites, and in 
36 restaurants, where measured concentrations of nicotine 
ranged from 0.5 to 37.2 Mg/m 1 . 


Introduction 

One of the major public health concerns of the 1980s has 
been indoor air pollution and i ts effe cts on the individual 
Environmental tobacco smoke (ETS), which is the diluted 
and aged mixture of sidestream smoke emanating from the 
smoldering cigarette and mainstream smoke exhaled by 
the smoker, represents a potentially significant contribu¬ 
tion to this pollution. Concentrations of ETS respirable 
suspended paniculites (RSP) have been reported to range 
from 0 to 700 *g / m s in indoor environments (7). A number 
of procedures hsve been applied for estimating ETS con¬ 
centrations based on the measurements of concentrations 
of particular ETS constituents, such as CO (2-5), oxides 
of nitrogen (NO g ) (3-5), and particulate matter (¥-9). 
However, these constituents of tobacco smoke are also the 
products of other combustion processes, an aspect that 
limits their utility as markers for estimating ETS levels, 
especially in complex atmospheres such as those existing 
in ind oor environments. Estimates of personal exposure 
to ETS have been made by measuring car boxy hemoglobin 
(COHb) (70, 77), urinary bydroxyproiine (HOP) (72), and 
nicotine and cotinine (a metabolite of nicotine) in the 
blood, urine, and saliva (70, ll t 13 ). 

Several methods have been developed for determining 
nicotine concentrations at fixed sampling locations in in¬ 
dustrial settings. The NIOSH method for nicotine utilises 
a retin-filled cartridge (XAD-2) with a personal sampling 
pump for collection of samples followed by solvant ex¬ 
traction and analysis by gas chromatography (J4). How¬ 
ever, this method’s 300 Mg/a* li mito f-detection (LOD) 
makes it unsuitable for measuring ETS because associated 
concentrations of nicotine are well below thit LOD. An¬ 
other industrial method, also limited by its relatively high 
LOD (40 Mg/m 1 ), collects nicotine in a series of water-filled 
bubblers (75). 

W illi a m s et al. (76) have reported a method using a cold 
Patri dish as the means for collecting nicotine. Although 
the reported nicotine concentration range associated with 
the m ethod was low enough to be applicable for measuring 
ETS, the method had several deficiencies that would 
verely limit its value (77). Other methods reported in 
literature detail the use of untreated glass fiber filters 


or diffusion danudar tubas (78) for coll action of ambient 
nicotine. 

The development and tasting of a number of personal 
mon itoring systems thst measure individual exposures to 
ETS as determined by ambient nicotine concentrations 
have been reported recently in the literature. Solvent 
deaorption based systems include personal sampling 
pumps coupled with commercially available XAD-4 car¬ 
tridges (19-21) and NaHSCytreated, Teflon-coated glass 
fiber filters (22), and a passive sampling system utilizing 
the treated filters (23). The limitation of using solvent 
extraction of samples is that only a small fraction of the 
analyte is actually analysed. This necessarily raises the 
theoretical LOD for such methods relstive to those such 
as thermal deaorption that use all of the acquired sample. 
Two thermal desorption based personal monitoring sys¬ 
tems for nicotine have been reported, one by Proctor (24) 
that employs an unspecified adsorbent and analysis system 
and another by Muramstsu et al (25, 26) that utilizes an. 
ammonia purge of the sample cartridge during deaorption 
into a gas chromatograph (GC). In initial laboratory 
•valuation studies, we found the experimental arrangement 
used by Muramatso to be cumbersome and mechanically 
complex. In addition, we found that repeated exposures 
of the analytical column to the ammoni* gas caused rapid 
deterioration of the column. Furthermore, the collection 
cartridge utilizes a packing, the support for which is a very 
unique dietomaceous earth, that is difficult to obtain in 
the United States. 

This paper discusses the development, evaluation in 
controlled ETS atmospheres in chambers and offices, and 
field validation of a thermal desorption based personal 
monitoring system for nicotine using Tenax-GC as the 
adsorption material. Tenax is a poly (p-2,6-diphenyl- 
phenylene oxide) which is porous and stable up to 400 # C 
(27). It has a high affinity for semivoiatiie organic com¬ 
pounds and can be used repeatedly. It has been used for 
a number of indoor air characterization studies (28, 29), 
and its performance characteristics are relatively well 
understood. The nitrogen-selective detector used in the 
analysis procedure affords improved sensitivity and se¬ 
lectivity over a conventional flame ionization system when 
assaying complex atmoepherea and has been employed 
aimilarly by several investigators (79, 20). The experi¬ 
mental arrangement used for the field sampling is similar 
to that employed by other investigators. The analytical 
system lacks the mechanical complexities of the system 
developed by Muramatau. 

Methods and Material 

Personal Monitoring Systems. Air-sampling car¬ 
tridges were 16-cm sections of borosilicate glass 

tubing which were treated with HH 4 OH (immersion in 
15% NH 4 OH overnight, followed by air drying) and then 
fire polished on both ends and packed with approximately 
200 mg of Tenax GC, 35^-60 mesh, acquired from All tech 
Associate* (Deerfield, IL). Before use, the packed car¬ 
tridges were conditioned at 250 *C by attaching them to 
a manifold in the oven of a gas chromat o gr a ph and passing 
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a stream of N 2 flowing at 40 mL/min through each car¬ 
tridge for at least 2 h. After the cartridges had been cooled 
with continued N 2 flow, both ends were sealed with l / 4 -in. 
plastic caps obtained from Alltech Associates. The car¬ 
tridges could be reused by first washing them with 2-3 mL 
of methanol and thermally reconditioning them according 
to the procedure given above. 

Alpha-2 personal sampling pumps, available from Du 
Pont (Kennett Square, PA), were used for sample collec¬ 
tion in most experiments (Du Pont P-4000 pumps were 
used in a few initial chamber experiments) and were 
chosen for their light weight (410 g) and low noise level 
during operation. This latter feature was especially im¬ 
portant for unobtrusive performance. For experiments 
performed in the chamber and work areas, in which oc¬ 
cupants were aware of the sampling being conducted, 
pumps were connected to Tenax cartridges with a section 
of flexible tubing, and air from the area sampled was drawn 
through the cartridge. For sampling conducted in res¬ 
taurants, in which the occupants were unaware of the 
sample collection, the pumpe were worn on belt clips under 
jackets. A section of Tygon tubing was used to connect 
the pump to the Tenax cartridge, the Utter being clipped 
to the inside Upel of the jacket so that the inlet end of the 
cartridge was within 25 cm of the mouth and nose of the 
individual conducting the sampling. All samples were 
collected for at least 1 h with the pump operating at a flow 
rate of 170 mL/min. Flow rates were checked with a 
bubble meter before and after sample acquisition. Im¬ 
mediately after completion of sampling, Swagelok l / 4 -in. 
stainless steel end cap* fitted with Teflon ferrules were 
pUced on each end of the cartridge and tightened, and the 
cartridge was refrigerated at 3 *C until analysis. 

Analytical Method. Nicotine containing solution 
standards were prepared by diluting redistilled nicotine 
(98%) obtained from Eastman Kodak (Rochester, NY) in 
ethyl acetate that contained 0.01% triethyUmine (TEA). 
Internal standards employing quinoline were prepared by 
diluting quinoline in a solution of ethyl acetate/5 % TEA. 
Fresh nicotine and quinoline standards were prepared 
every 15 days. 

Analyses were performed with e Varian Model 3700 gas 
chromatograph equipped with a nitrogen/phoephorus 
detector (GC/NPD) end a 2 m x 2 mm i.d. glass column 
packed with 10% Carbowax 20M/2% KOH on 80-100 
mesh Chromosorb W-AW (obtained from Alltech Asso¬ 
ciates). Flow rates were He (carrier gas) 40 mL/min, H a 
4.5 mL/min, and air 175 mL/min. Temperature settings 
were injector and detector 250 # C and column oven initial 
temperature 70 *C for 8 min, programmed at a rate of 46 
•C/min to 175 *C for 4 min. At these settingi, nicotine 
alutes at 13 4 min and quinoline at 14.0 min. 


In Figure 1 is portrayed a schematic diagram of the 
analytical experimental configuration. The system is de¬ 
signed to be mechanically simple and to minimize the 
opportunity for the nicotine vaporized from the Tenax trap 
to contact any materials prior to entering the analytical 
column. The carrier gas is directed through a toggle valve 
so that it can be interrupted when the Tenax cartridges 
are being changed. (When the system is not in use, a clean 
glass tube replaces the cartridge.) The analysis is per¬ 
formed by loosening the fittings at both ends of the de¬ 
sorption oven, inserting the cartridge, tightening the 
tings, and resuming the carrier gas flow. Although 
desorption oven remains at operating temperature du; .. 
this operation, the elapsed time for connecting the car¬ 
tridge is less than 5 s. The desorption begins when the 
carrier gas is turned on. 

Because the manner in which the analyte is introduced 
into the gas chromatograph affects the peak shape and 
ultimately the apparent quantitity of analyte present in 
the aliquot, K was critical that the analyte in the calibration 
standards be introduced in a manner identical with that 
of those in the samples. To accomplish this, clean Te¬ 
nax-filled cartridges were spiked with small aliquots of 
nicotine standard solutions (on the downstream end to 
simulate sample loading) by using s conventional 10 -mL 
syringe. The volume of the aliquots ranged from 1.8 to 
6 mL, depending on the desired amount of standard. Next 
the cartridges were spiked with 5 mL of the ethyl acer»* 
solution containing the quinoline internal standarr 
the TEA desorption modifier on the upstream end 
to facilitate desorption of the entire cartridge. In order 
to maintain direct comparability, this was the same 
quinoline/TEA solution that was added to the ETS sam¬ 
ples. In the initial developmental work for the method, 
multipoint calibrations with nicotine standards were 
performed daily. For the field sampling, a calibration curve 
was generated from the desorption of nine sets of duplicate 
Tenax traps loaded with amounts of nicotine ranging from 
1.5 to 700 ng and with 250 ng of quinoline internal 
standard prior to any sample analysis. The first set of 
standards was run in one random order and the second set 
of standards was run in a different random order. Daily 
standards of 3,100, and 700 ng of nicotine were analyzed 
during sample analysis to ensure analytical control. Field 
blank cartridges were analyzed periodically. 

Because the response of the nitrogen/phosphorus de¬ 
tector tended to be nonlinear at higher trap loadings (>- 
1000 ng), data from the analyses were fitted to a second- 
order polynomial regression. In practice, there was no 
difference between first- and second-order regressions 
the 0-700-ng concentration range. For example, the firsi 
and second-order correlation coefficient! (R 2 ) for one 
calibration run were both 0.995, and for another, both were 
0.997. 

Response factors (RF) for all standards were calculated 
with the formula 


RF 


area counts nicotine 
area counts quinoline 


concentration of quinoline 
concentration of nicotine 


( 1 ) 


Averages and standard deviations computed from the RF 
data were used to assess control of the method in day-to- 
day ope;ation. If results for daily control standards were 
more than two standard deviations from the average for 
the calibration, the method was judged to be out of control, 
thus requiring recalibration. Control was observed 






*nd.. Vd. 23. No. 4. •*-=> 


2057826262 



Source: htlpSj/wv/w.indusIrydocuments.ucsI.edu/docsv'hkbjOOOO 


r ^ 




r ^ 


* 


* 


j 


throughout the analysis of the samples from the public 

areas. 

Test Atmospheres. The initial experimental atmo¬ 
spheres for the development of the Tenax method were 
generated in two stainless steel chambers with volumes of 
0.4 and 1.4 m s (obtained from Young and Bertke Co. 
Cincinnati, OH). Sidestream smoke from a 2R1 Kentucky 
Reference cigarette (procured from the Univenity of 
Kentucky Tobacco and Health Research Institute, Lex¬ 
ington, KY), smoldering in a laminar How smoke genera¬ 
tion (30), was pulled into the smaller chamber at a rate 
of 30 L/min and diluted with an air flow of 250-1000 
L/min, the exact rate depending on the concentration of 
ETS needed. Concentrations for this chamber ranged from 
700 to 3500 m€/cd 3 particulate matter (PM) and f rom 100 
to 500 M$/tn 3 nicotine. Low concentrations of ETS, 50-300 
Mg/m* PM and 10-70 Mg/®* nicotine, were generated by 
diluting a portion of the atmosphere from the small 
chamber into that of the large chamber. Concentrations 
of particulate matter in the chambers were monitored with 
a TSI-5000 piezoelectric balance (acquired from TS1, St. 
Paul, MN) and an RAS-1 light-scattering sensor (pur¬ 
chased from GCA Instruments, Bedford, MA), which was 
modified in our laboratory to enhance its sensitivity. The 
nicotine and PM concentrations utilized for these exper¬ 
iments are much higher than what would be typically 
observed in real life situations and were used only to de¬ 
termine the potential utility and the upper analytical limits 
of the method. After development experiments involving 
the chamber were concluded, ot her e xperiments were 
conducted in an unoccupied office. ETS was produced by 
generating sidestream smoke from 1R4F Kentucky Ref¬ 
erence cigarettes smoked (one 35-mL puff/min) on an 
ADL-II machine obtained from Arthur D. Little Co., 
Cambridge, MA). Mainstream smoke was collected in 
sealed Tedlar bags (acquired from SKC Inc., Eightly Four, 
PA), and ETS concentrations were varied by adjusting the 
smoking rate from 1 min of smoking (2-s puff, 58-s 
smolder) per min of elapsed time up to continuous ciga¬ 
rette smoking. PM levels were monitored with a TSI-5000 
piezoelectric balance. 

Additional laboratory evaluations of the method’s per¬ 
formance were conducted in an 18-m* environmental 
chamber (3J) used for ETS studies and located at the R. 
J. Reynolds Tobacco Company’s facilities in Winston-Sa¬ 
lem, NC. PM concentrations in that chamber were mon¬ 
itored with a TSI-5000 piezoelectric balance. Initial field 
•valuations were conducted in work areas, offices, common 
areas, and dining areas at Oak Ridge National Laboratory. 

Sampling Site Selection. Field sampling was con¬ 
ducted in establishments that were both listed under the 
"‘Restaurant , ‘ heading in the Yellow Page* erf the Knoxville, 
TN, telephone directory and located in the Knoxville, TN, 
Standard Metropolitan Statistical Area (SMSA) (Knox, 
Blount, and Anderson counties). Restaurant selection was 
conducted by assigning each restaurant a number and then 
choosing 43 out of the 419 restaurants with a random 
number generator. Three of these restaurants were elim¬ 
inated because they had gone out of business, three be¬ 
cause they were carry out only, and one because the per¬ 
sonal safety of the sampling team was called into question. 
The remaining 36 were sampled, and for aach sample, 
information was recorded regarding the number of 
smokers, the number of cigarettes, cigara, and pipes ob¬ 
served to have been smoked, the distance to the closest 
observed smoker, the type of meal servsd (lunch or dinner), 
crowd density, and restaurant volume. All of the infor¬ 
mation was recorded on a sampling data sheet during the 


Source: 


Table 1. Nieetlae aad Particulate Matter (PM) 
Coscafitratioss Measured la 0.4- aad 1.4*}* Staialees Steel 
Chambers' 


meaa *1 SD* 


*1 SD* 


nicotine, 

ft 

PM, 

nicotine/PM 

nt/m* 


ratio 

34 

30 

0.425 

4 2 

83 

0.606 

43 

79 

0.544 

44 

74 

0.595 

40J A 4.6 

79.0 * 3.7 

0.518 * 0.072 

282 

757 

0.373 

263 

667 

0.394 

302 

684 

0.442 

291 

659 

0.442 

238 

706 

0.336 

224 

684 

0.328 

271 

643 

0.422 

367*28 

636 *36 

0391 * 0.047 


•Air changes per hour (ACH) ranged from 21 to 150. *SD, 
standard deviation. 


time of sampling. A unique sample number was assigned 
to each cartridge immediately following sampling. No 
attempt was made to assess air exchange within the facility, 
as this would have compromised the unobtrusive nature 
of the sampling. Alio, no determination of the number 
of smokers smoking at any one time or smoker turnover 
was made. In addition to the samples acquired in res¬ 
taurants, two samples were acquired on a Saturday af¬ 
ternoon at aach of three food courts in shopping malls. 

Results and Discussion 

Results of initial experiments with Tenax cartridges, in 
which the responses to standard quantities of nicotine 
spiked on to the cartridges and subsequently desorbed 
were compared with those of the same sized aliquot di¬ 
rectly injected on to the head of the GC column, showed 
evidence of incomplete desorption of nicotine, with up to 
10% of the nicotine remaining on the cartridge. In order 
to enhance nicotine desorption, an internal standard so¬ 
lution was prepared that included 5% TEA. It has been 
found that addition of a strongly basic material such as 
TEA (19) or NH 4 OH (32) to nicotine standards prevents 
adsorption, by the glass of the container, of nicotine from 
solution. The base probably functions by displacing nic¬ 
otine or other weaker bases from the adsorptive sites. 
Internal standard spikes thus contained about 200 Mg of 
TEA, which, as a stronger base, displaced nicotine from 
addic sites within the sampling cartridge or analysis train. 

Experiments conducted in the 0.4- and 1.4-m* chambers 
were performed to determine the functional capabilities 
of the method and the nicotine collection efficiency. Table 
I gives the results from sampling of both dilute and con¬ 
centrated simulated ETS environments in the large and 
small chambers, respectively. The ratios of nicotine to 
particulate matter in these experiments are substantially 
higher than what has been reported in typical indoor en¬ 
vironments (33). This discrepancy was judged of little 
consequence since investigation of nicotine levels was the 
sole focus of the study. However, the consistency of the 
ratios is about *15% or less, which was judged to be in¬ 
dicative of both a constant atmosphere in the chamber and 
consistent nicotine and particulate mass concentration 
determinations. 

Experiments to determine sample volumes at which 
nicotine breakthrough became significant were conducted 
by placing two Tenax cartridges in series and sampling 
from simulated ETS environments in the chambers. Re- 
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Table II. Concentratios* of Nicotine mad Particulate 
Matter (PM) Measured in an Unoccupied Office 


Table IV. Nicotine Concentrations Measured at Selected 
Locations witkin Oak Ridge National Laboratory 


trial 

no. 


PM. 

Mg/m 3 

14.6 

23.2 

28.2 
15.2 

58.6 


nicotine, 

Mf/m 3 

1.8 

1.9 

2.4 

3.7 

4.8 


trial 

no. 

6 

7 

8 
9 

10 


PM. 

Mg/m 3 

59.6 

113.0 

115.4 

257.0 

248.8 


nicotine. 

Mg/m 3 

6.2 

21.7 

27.3 

48.3 

49.0 


Table III. Results from Determination of Nicotine by tbe 
Tanas Method in a Minimal Air Exchange Controlled 
Atmosphere Chamber 


run 

PM. 

nicotine," 

run 

PM, 

nicotine, 

DO. 

Mg/m* 

Mg/m 3 

DO. 

Mg/fiD 3 

Mg/m 5 

1 

55 

2.5 

4 

62 

4.1 

2 

14 

1.8 
e A 

6 

as 

16 
a ns 

2.1 
m ft 

3 

103 

5.0 

6 

128 

5.5 

•s » 

3 determinations. 





suits indicated not more than 1% breakthrough for sample 
volumes ranging from 20 to 45 L and nicotine concentra¬ 
tions ranging from 70 to 250 Mg/m 3 . At lower sample 
volumes, breakthrough percentages are tipected to be 
correspondingly lower. 

In Table II are listed the results from sampling of ETS 
in the unoccupied office. This range of nicotine and PM 
levels more closely approximated that which would be 
expected from sampling in public places. Proportionality 
between nicotine and paniculate levels was particularly 
good in this experiment, with the correlation coefficient 
of 0.976 for a first-order regression analysis of these two 
parameters. 

The limits of detection and quantitation were deter¬ 
mined according to published guidelines (34). These are 
comparable to 3 and 10 times the standard deviation above 
the mean value of a series of field blanks, respectively. 
Signal response of the blanks (in microvolt seconds) was 
related to a series of calibration standards run within the 
lower quantitation region. According to these criteria, 
under the sampling conditions described above, the limit 
of detection was equivalent to 0.07 Mg/m 3 nicotine, and the 
limit of quantitation was 0.17 Mg/m 3 . This calculated level 
is in good agreement with experiences with sampling actual 
low-concentration ETS atmospheres in an office environ¬ 
ment These experiments indicated that within the range 
of 0.2-0.3 Mg/m 3 , variation among multiple samples ac¬ 
quired near the same point in space became unacceptably 
large. Presumably, the effective limit of detection could 
be lowered by simply increasing the sampling duration. 

In Table III are listed the results from sampling con¬ 
ducted in an 18-m* chamber at R. J. Reynolds. The 
purpose of these experiments was to determine the per¬ 
formance of the method in a chamber whose atmosphere 
had been well characterized in a number of studies (19, 
3/), especially at low nicotine concentrations, and to com¬ 
pare nicotine with ETS PM levels in a c ontr olled envi¬ 
ronment that had been contaminated with ETS only. The 
nicotine levels sampled for this experiment are near the 
mean of the level determined in the field study (see below) 
but represent only a fraction of the range expected to be 
encountered during field sampling in general. For this and 
all the experiments where PM concentration data were 
available, mean ratios of nicotine to PM were calculated. 
The ratios obtained from experiments involving the 1.4- 
and 0.4-m 3 chambers were 0.52 ± 0.07 and 0.39 ± 0.05, 
respectively. The ratio for experiments performed in the 
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location 

offices 


ambient nicotine 

level Mg/m 3 


location 


k area 


4.2 * 
4.0 * 
4.5 * 
6.7* 
0.7 * 
1.1 * 
0 . 6 * 
0.6 * 
0.6 * 
0.3* 
4.4 * 
2.3* 
2 . 0 * 


0 . 1 * 

3.5* 

0.5* 

0.9 

1.0 

1.5 

0.8 

0.8 

0.9 

0.4 

041 

04 


ibient nicotine 

level *g/m 3 ' 

30.0 * 0.9 
60.3 * 2.1 

53.1 * 2.8" 

23.2 * 2-9 
39.7 * 0.1 
12.6 * : : 

3.8 ± 

2.1 - 
1.0 . 

0.9 a * - 
1.7 * 0.8 
0.8 * 1.1 


•N 

liona. 
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unoccupied office was 0.16 ± 0.06, and for experiments 
conducted in the 18-m 3 chamber, 0.08 ± 0.04. The con¬ 
siderable differences among the ratios are expected in view 
of the differences in ETS levels, air handing methods, and 
air exchange rates and the theory that as ETS ages, nic¬ 
otine tends to be adsorbed by tbe various surfaces prssent 
(18, 26). For the two smaller chambers, air exchange rates 
ranged from 21 to 150 ACH, allowing little opportunity for 
nicotine adsorption by the chamber walla The office, with 
an air exchange of 5.4 ACH and nonrecirculated ventila¬ 
tion, exhibited lower nicotine/PM ratios, and the 18-m 3 
chamber, with an air exchange rate of 0.05 ACH (35) ** 
complete recirculation in a static system, showed tbe lc 
levels of nicotine relative to tbe particulate levels. Thu. 
data appear to support tbe above-mentioned theory. 

Listed in Table TV are tbe results from samples collected 
at Oak Ridge National Laboratory facilities. The arith¬ 
metic mean and standard deviation of nicotine concen¬ 
trations for all sample sites is 10.5 ± 17.2 Mg/m 3 - However, 
the relatively high concentrations measured in the first 
common area (36.5 * 18.1 Mg/m 3 ) influence the average 
disproportionately. As can be seen in Figure 2, the data 
appear to be distributed in a log normal pattern; thus, the 
geometric mean of 3.2 Mf/m 3 (with 95% confidence 
boundaries of 1.8 and 6.0 Mg/m 3 ) may be more appropria* 
for this data set- For the lower nicotine level environmer. 
there is considerable variation (±100%) within duplicate- 
samples taken near the same point in space. For the en¬ 
vironments containing higher nicotine levels, the coefficient 
of variation within duplicate samples was usually about 
±10%. 
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Result* from the field determinations of nicotine con¬ 
centrations in restaurants are shown in Table V. Nicotine 
concentrations found in the restaurants ranged from 0.5 
to 37.2 Mg/m 3 with an arithmetic mean of 5.4 ± 6.4 Mg/m 3 . 
As in the treatment of the data from the in-house sam¬ 
pling, a plot of the distribution of the concentration data 
indicates that it fits a log normal, rather than Gaussian, 
pattern (Figure 3). The geometric mean of 3.5 Mg/m 3 , with 
95% confidence boundaries on the median of distribution 
of 2.5 and 4.8 Mg/m 3 , is somewhat lower than the arith¬ 
metic mean but is still comparable to data results cited 
by the researchers listed below. 

Muramatsu et aL (25) reported a range of 7.1-27.8 Mg/m 3 
nicotine with an average of 14.8 Mg/m 3 for eight samples 
taken in Five restaurants. Hinds and First (36) have re¬ 
ported an average of 5.2 Mg/m 3 nicotine for four samples 
from restaurants. Oldaker et al. (21) reported a range of 
0-24 Mg/m 3 nicotine with an average of 5 Mg/m 3 for 170 
samples acquired in restaurants. For air samples taken 
in offices, Hammond et al. (22) have reported 3-48 Mg/m 3 
nicotine, while Muramatsu et al. (25) have reported 9-32 
and 6-20 Mg/m 3 nicotine (26). For 156 office samples, 
Oldaker et al (21) reported an average of 5 Mg/m 3 nicotine 
with a range of 0-70 Mg/m 3 . Nicotine concentrations in 
public common areas such as lobbies and waiting rooms 
were reported to be 2-36 Mg/m 3 by Muramatsu et al. (25) 
and 1-3 Mg/m s by Hinds and First (36). For samples taken 
in the smoking sections of airplanes, Muramatsu at al. (26) 
have reported 14 and 6-29 Mg/m 3 with an average of 15 
Mg/m 3 (25). Oldaker and Conrad (20) have reported 0-112 
Mg/m 3 nicotine, with an average of 9 Mg/m 3 in airplane 
smoking sections, and 0-40 Mg/m 3 nicotine, with an average 
of 6 Mg/m 3 in nonsmoking sections. 

Major factors likely to affect nicotine concentrations in 
a public location include the number of cigarettes smoked 
and the time required for smoking, the volume of the room, 
the proximity of smokers to the sample location, and the 
air exchange rate. Under the conditions of the field sam¬ 
pling validation for this study, not all of these parameters 
couid be easily determined, nor were they necessary to 
assess the performance of the experimental personal 
monitor in a realistic situation. However, to assess the 
impact of the easily determined factors, the relationship 
between those factors and ambient nicotine concentrations 
were determined. The Pearson's correlation coefficients 
(r) for first-order regressions of nicotine concentration to 
number of cigarettes, number of smokers, restaurant 
volume, and distance to the closest smoker were computed 
to be 0.669, 0.783, 0.049, and -0.155, respectively. The 
aignificance levels (p) (an indicator of the probability of 
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Table VI. Nicotine Levels is Food Count 



smokers 

obsd. 

cigarettes, 

cigars or 

closest 

smoker. 

nicotine 

concn. 

sample 

no. 

no. 

pipes, no. 

ft 

Mg/m 3 

37 

6 

6 


15 

1.6 

38 

16 

16 


4 

1.6 

39 

8 

11 


4 

2.1 

40 

7 

7 

1 

7 

2.5 

42 

17 

19 


15 

3.0 

41 

34 

34 


6 

3.1 


correlation between the nicotine concentration and the 
above-mentioned factors) for the regressions are 0.0001, 
0.0001,0.776, and 0.396, respectively. A relationship is thus 
indicated between nicotine concentration and both the 
number of cigarettes and number of smokers. If sample 
36 is eliminated from the regression analysis for nearest 
amoker, then p * 0.03, indicating a correlation between 
nicotine concentration and this parameter. Attempts to 
increase the degree of correlation by normalizing for var¬ 
ious combinations of these factors were unsuccessful. No 
data were acquired regarding other factors that could have 
some impact on the nicotine concentration, such as the 
history’ of the number of cigarettes smoked prior to sam¬ 
pling, and the direction of air flow in the restaurants. 

In Table VI are listed the data from samples acquired 
in the food courts of the shopping malls. The range of 
nicotine concentrations from the mall food court samples 
was 1.6-3.1 Mg/m 3 with an arithmetic mean and standard 
deviation of 2.3 ± 0.7 Mg/m 3 . Although use of the geo¬ 
metric mean could not be justified for such a small sample 
set, it was calculated for comparison purposes and is the 
tame as the arithmetic value. The average nicotine con¬ 
centration for these samples is lower than that from the 
restaurant data (notwithstanding the large number of 
cigarettes observed to have been smoked) and is probably 
attributabe to the much greater volumes of the food courts, 
which begin to approximate open-air restaurants. 

Conclusions 

A procedure and experimental arrangement for the de¬ 
termination of personal exposure to concentrations of 
nicotine in indoor environments has been developed that 
has a low detection limit and is unobtrusive in its use. 
Developmental studies have again pointed to the need for 
the use of a basic compound for sample modification or 
desorption enhancement when trace quantities of nicotine 
are being processed or analyzed. The Tenax method has 
fcwen applied to the determination of nicotine concentra¬ 
tions in a number of restaurants; results are comparable 
to those obtained by other researchers utilizing different 
methods for sampling in restaurants and other public 
places. 
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• Microbial dissolution of toxic metals from two types of 
coal-cleaning wastes, one high in pyrite and trace metals 
and low in organic carbon (fines fraction) and a second 
lower in trace metals and higher in organic carbon (filter 
cake), was studied. Under aerobic conditions, native au¬ 
totrophic bacteria solubilized varying amounts of As, Cr, 
Cu, Mn, Ni, Pb, and Zn from the filter cake and fines 
fraction. Dissolution of the above metals was increased 
by severalfold when the inorganic nutrients N and P were 
supplemented. Under anaerobic conditions, concentrations 
of Fe, Cr, and Mn increased due to native anaerobic 
bacterial activity from filter cake amended with carbon and 
nitrogen. Concentrations of soluble Ni and Zn in filter cake 
decreased, probably due to sulfate reduction and formation 
of insc’uble metal sulfides. Selective chemical extractions 
of coal wastes indicate that most trace metals were asso¬ 
ciated with pyrite, ferric oxides, and a soluble phase, 
possibly ferric sulfate. The predominant mechanism of 
dissolution of metals from coal wastes under aerobic con¬ 
ditions is due to bacterial oxidation of pyrite; under 
anaerobic conditions it is due to bacterial reduction of iron 
and manganese oxides and the release of trace metals 
coprecipitated with the oxides. 


Introduction 

Over 3 billion tons of coal-cleaning residues have accu¬ 
mulated in the United States and the current levels of 
production exceed 100 million tons per year. Ntarly 
one-third of the mined coal is discarded after physical 
cleaning. This refuse varies in size and generally contains 
waste coal, slate, carbonaceous and pyritic shales, clay, and 
other impurities associated with a coal seam (I). Currently, 
most coal-preparation plants dewater the fine refuse and 
dispose of it, along with coarse refuse, in landfills or dis¬ 
posal ponds. The types of contaminants released from the 
disposal areas include organic compounds, metal ions, and 
acidity primarily due to chemical and microbiological ac¬ 
tion. 

Bacterial oxidation of pyrite and metal sulfide minerals 
by Thiobacillus ferrooxidans and Thiobacillus thiooxidans 
has been extensively studied (2, 3). Although a variety of 
other types of microorganisms have been found in coal 
waste (4-7), there is limited information on their effects 


on dissolution of metals. Is addition to autotrophic mi¬ 
crobial activity, as increase in heterotrophic microbial 
activity due to biodegradation of organic compounds in 
the residue (8) also can have an appreciable effect on the 
dissolution, mobilization, and immobilization of toxic 
metals from the residues. However, the extent and 
mechanisms of metal dissolution from coal refuse under 
the oxidizing and reducing conditions commonly encoun¬ 
tered in the field (9) are incompletely understood. 

In this study, two samples of coal-cleaning residue, one 
high in trace metals and relatively low in organic carbon 
(fines fraction) and the second low in trace metals and 
relatively high in organic carbon (filter cake) were used to 
investigate the extent and mechanism of microbial disso¬ 
lution of toxic metals by the native microflora in the 
residue under aerobic and anaerobic conditions. 


Materials and Methods 

Source of Samples. Coal-cleaning residues (fines 
fraction and filter cake) were collected from active circuits 
of the coal-washing plant of the Bradford Coal Co., Bigler, 
Clearfield County, Pa, in July 1983. This plant processes 
a mixture of bituminous coals from central and north¬ 
western Pennsylvania The samples were collected in clean 
6-gal polyethylene containers, sealed, and shipped to the 
laboratory in a cooler with ice. Upon receipt at the labo¬ 
ratory, the samples were immediately analyzed for mi¬ 
crobiological and chemical characteristics. Unused por¬ 
tions of the samples were stored in air-tight containers in 
a refrigerator. 

Microbiological Analysis. The total number of bac¬ 
teria in the fines fraction and filter cake were enumerated 
by Acridine Orange direct counts (AODC) (10, 11). Total 
viable aerobic and anaerobic bacteria as colony-forming 
units (CFU) were determined by using Trypticase soy agar 
(Difco) and 50% diluted thioglycolate medium (Difco), 
respectively (72). Sulfur- and iron-oxidizing bacteria were 
enumerated by the most probable number (MPN) tech¬ 
nique. Iron-oxidizing bacteria were determined by using 
9K medium (73). Sulfur-oxidizing bacteria were deter¬ 
mined by using thiosulfate medium containing the fol¬ 
lowing: (NHJjSO,,1.3 g; K 2 HP0 4 , 0.28 g; MgS0 4 -7H 2 0, 
0.25 g; CaCl2-2H 2 0, 0.07 g; and 900 mL of distilled water, 


0013-S36X/S9/0923-0435S01.50/0 C 1189 American Chemca! 



Envkon, Sd. Tachnol., Voi. 23. No 4. 1989 41$ 


Source: https://www.industrydocume 


2057826267 




4 

44 













> 









> 





'Vi 



Source: httpsj7wwwjndustrydocuments.ucsI.edu/docs/hkbjOOOO 


* * 




\c;> 

£**iro*vrutr**I TVeAwtf^f y Letters. I ‘of / 0/pp lOOi-JOlS 
O Publications DMuon Sf Iprr Ltd., IW9 


measurements of environmental tobacco smoke 

IN AN AIR-CONDITIONED OFFICE BUILDING 


C. J. Proctor*, N. D. Worn* and M. A* J. imi 


BAT(UK A E) Rmxrtk a»d Dcvatopmcnt Ctitre, 
Regents Park Road, Southampton, S09 1PE, UJC. 

(Received 12 Mi? ttt*; !■ nail form IS S«pu*ifcer Iff *) 


ABSTRACT 

This paper reports levels of nicotine, respirable particulates, carbon monoxide, carbon dioxide and 
volatile organic compounds measured in the air of imokers* and non-smokers* offices in a modern 
air-conditioned building. The results show very low levels of environmental tobacco smoke 
constituents, such as nicotine, present in smokers' offices. Moreover, the data show that smoking 
has little influence on the levels of volatile organic compounJs found in the office air. 


INTRODUCTION 

Environmental Tobacco Smoke. ETS, is the complex mixture of chemicals found in air as a specific 
result of smoking (1). Some reports have claimed that ETS Is harmful to the hearth of the non-smoker 
(2.3.4). This issue has been discussed by scientists and doctors for over a decade, and although 
knowledge has increased over this period, It Is still the subject of scientific controversy (2, 5). The 
claims have primarily been based on combining the results of epidemiological studies that have 
at! been stated to be. when taken individually, Inadequate (2, 3,4, 6). Several experts in the field 
of low-risk epidemiology have stated that It is not possible to draw firm conclusions as to whether 
or not ETS is harmful to the health of the non-smoker (5, 6, 7). 

In spite of the continuing debate, there have been calls for the Introduction of further restrictions 
on where 3moklng can take piece (4, 8). Much attention has recently focused on the work place, 
and in particular to the modem office environment 

Ever since the energy crisis of the 1970’s, many of the office buildings constructed in the Western 
world havu been designed with air conditioning systems that limit energy costs and assist In energy 
oonservat^n. Often control over the amount of fresh air taken Into the building ie determined 
simply by the temperature measured at various points. 

It has been well documented that buildings release chemicals Into the air (9). Building materials, 
furnishings and coverings, and the building occupants will all contribute to the chemical burden of 
tho office air (10). In extreme cases this may result In 'Sick Building Syndrome', where the occupants 
sutler symptoms and discomforts including headaches, burning eyes. Irritation of the respiratory 
system, drowsiness, fatigue and genera! malaise (11). The causes of Sick Building Syndrome are 
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not entire!*/ defined, but are likely to be primarily exposure to bacteria, moulds and fungi produced 
and ctrcuiafed by poorly majntained ventilation systems, and exposure to volatile organic 
compounds produced by vanous sources (12.13). 

The Unrted States Environmental Protection Agency claimed, as part of the conclusions to the<r 
Total Exposure Assessment Methodology (TEAM) Studies, that the presence of ETS results in 
significantly higher levels of volatile organic compounds in air (14). Other authors, using simitar 
methodologies. were unable to distinguish between smoking and non-smoking environments when 
measuring ambient volatile orgamcs (15). 

This paper presents the results from an investigation of the air in offices Sn a modern air-conditioned 
building located in Southern England. Tan offices, of different sizes, population and density of 
smokers, were each visited on five separate occasions. On each occasion, measurements were 
made of levels of nicotine, respirable suspended particulates, carbon monoxide, carbon dioxide 
and volatile organic compounds in the air. 


( 


THE BUILDING 

The building selected for this study is a 1970's built office block comprising of around 9300 square 
metres of floor space on 16 floors, and holding around 350 people. Although originally designed 
to be open plan, it has been modified over the years to incorporate a modular office design, though 
some open plan areas remain. 

Air conditioning is nominally the same in alt areas. There are two systems, one at the perimeter 
and one operating through the core of the building. Air for both systems Is drawn from the roof 
where it is filtered and humidified. The perimeter system enters on each floor at vents positioned 
on window sills and exits through vents in the ceiling at the centre of the building. This system is 
monitored for temperature and relative humidity on three floors (floors 14. 11 and 5), conditions 
being fed*back to a central controlling system. 


was 


I fed*back to a central controlling system. The volumetric flow rate for thi 
17.5 m 5 s \ With 544 vent outlets, the volumetric flow per module was 1.9: 
typical air exchange rate for each office of around 3 air changes pethour 


The core system operates through the centre of each floor, often In a corridor, at a total volumetric 
flow rate of 17 m 5 s' 1 and is controlled by rheostats and motorised valves on every floor. A typical 
floor plan is given as Figure 1. 


FIGURE 1 


TYPICAL PLOOH PLAN OP THE SUtLfitWG UNDE* INVESTIGATION 
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Maximum possible recirculation is $4% (i.e. 16% incorporation of trash air), though this condition 
is rarely used and recirculation rates vary throughout the day. The entire system is operated in a 
manner that minimises total energy costs. 


SAMPLING SITES 

10 offices were selected to represent the variety of environments within the building. This included 
open plan space, single and multiple occupier offices, with different populations and numbers of 
smokers, as detailed in Table 1. 


TABLE 1: Details of Sampling Sites 



Samples were acquired between 0900 and 1600 hrs. Each site was visited 5 times, each occasion 
for a particular office being at a different time of the day and on dlfferant days to avoid any bias 
from possible temporal vanations. So, for example, site number 7 was sampled between 14.40 
and 15.40 on day 3. 10.20 and 1 f .20 on day 5, etc. 

Each sample was acquired for one hour, and the sample was taken as near at possible to the 
centre of the office and at approximately head height of a stated person. 

No smoker segregation is imposed in this building, and so smoksrs are free to visit and smoke in 
the offices of non-smokers. As a ganeral rula, this raraly occurred in the sites investigated in this 
study. 



All of the analytical methods for tha analysis of the components under investigation have been 
previously detailed in the scientific literature. Briefly, the methods were; 

a) Nicotine: Airborne nicotine was collected by drawing, at a rate of 1 litre per minute, elr 

through a sorbent sampling tub© containing XAD-4 resin (2CV40 mesh) (SKC, Inc.) (16,17) 

After sampling, the tube was capped and returned to the laboratory. The collected nicotine 

was extracted from the rosin using a quantity of ethyl acetate, modified wHh 0.01% 

triethylamine (to prevent losses of nicotine to the glassware). Analysis was effected by 

capillary gas chromatography with nitrogen-phosphorous detection. With this flow rate. 

and sampling penods of one hour, detection limits equate to approximately 0.1 pg m‘* 
nicotine. 
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b) Respirable suspended particulates (RSP): Airborne particulates war# measured by 

gravimetric analysis. Air from the environment was drawn at 2 litres per minute through * 
. % . fluoropore membrane filter (17) (Millipore UK Ltd) vta an rmpactor separating at 3.5 mtcron$. 
“V The filter was weighed on an electronic balance capable of resolving tO. i pg (Perkm-Eimer^ 
before and after sampling, each time being conditioned first at 50% relative humidity, to 
arrive at the RSP measurement. 


c) Ultra-Violet Respirable Suspended Particulates (UV-RSP): In order to estimate the 

contribution of ETS to the total respirable particulates, each fitter, after being weighed, was 
extracted with methanol and the resulting solution analysed for Ks absorbance at 325 rvn, 
This was achieved by injecting the solution through a columnless liquid chromatography 
system into a UV detector and integrating the resultant peak. Previous research has shown 
that cf only ETS is present (i.e. in controlled conditions) then the calculated UV-RSP value 
ts equivalent to RSP when using t,1.2.2-tetrahydroxybsnzophenone as a surrogate for 
calibration (18). In real-world environments, UV-RSP will give an over-estimate of the ETS 
contribution, as other sources may contribute chemicals cc’Jected that also absorb at 325 
nm(19). 

d) Carbon monoxide (CO): The CO monitoring system consists of a constant How sampling 

pump and a detector based on electrochemical measurements (supplied by Neotronics. 
Gainevitle. GA). Output from the detector was fed into a data logger (Campbell Scientific, 
Utah) which recorded signals every 30 seconds. Unlike alt of the other measurements. CO 
analysis gave continuous real-time readings. Data given for each sample are the arithmetic 
mean of the readings over the sampling period. 

e) Carbon dioxide (CO*): Driger tubes (CO t 0.01%/a, CK30 801) were used to measure 

ambient CO, levels (Drigerwerk, West Germany). This measurement was made 
approximately 5 minutes prior to the end of each sampling period. 

f) Volatile organic compounds (VOC): Volatile chemicals present In the air were collected by 

drawing the air. using a fixed diaphragm pump at a rate of 10 cm* per minute, through a 
stainless steel tube containing the absorbent Tenax TA (60 • 80 mesh) (20). After collection, 
each tube was capped and returned to the laboratory. Analysis of each sample required 
thermal desorption (using a Parkin-Eimer Ltd. ATD-50) for 20 minu»es at 240‘C, during 
which time the eluted chemicals were swept from the sampling tube to a cryofocusing trap 
maintained at -30*C and containing a small quantity of Tenax. After this primary desorption 
the cold trap was rapidly heated, electronically to 240*C whereby the chemicals were 
effectively injected in a narrow banc onto a capillary gas chromatography column connected 
to an ion trap detector (a bench-top mass spectrometer supplied by Perkin-Elmer Ltd.). 
The capillary column (30m, 0.32 jun ID, DB-5) separated the individual components, and 
the mass spectrometer both identified and quantified. For each chromatographic peak, 
compound identification was confirmed by its mass spectrum, and quantification used the 
base peak of the mass spectrum (e.g. benzene was quantified on the signal due to the 
m/z78 ion). Calibration of this system required introduction of mixed standards of the 
compounds of interest injected at five different levels, each level in duplicate, onto a dam 
Tenax tube in order to run standards through the entire procedure. In order to check the 
performance of the instalment, a quantity of 2-bromonaphthaIene (in methanol) was injected 
onto each tube prior to sampling. During sampling, the methanol eluted through the Tenax, 
but the 2-bromonaphthalene remained trapped for subsequent thermal desorption. 

RESULTS AND DISCUSSION 

The data for all smokers* and non-smokers' offices are given tn Table 2. Arithmetic means, medians, 
minimum and maximum values are given for each of the analytes. AH data points from the total 
o'. 50 visits aro included. Arithmetic means are generally of a higher value than medians due to a 
skewed distribution of values. 
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TABLE 2 


SUMMARY Of DATA FROM ALL SAMPLING SITES 
(Data In pg m ’ apart from CO and CO a which is given In ppm) 
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32 

120 

25 

113 

I960 

22 292 

4 

6 

3 

7 

20 

2-10 


6 

2 

0.1-23 

24 

21 

0-50 

111 

109 

34-221 


00 

0.4-27 

33 

25 

1060 

191 

149 

49-320 


SM* 7 


3 

3 

26 


5 

1 

05-19 


35 


0 


SH* 9 


Sri* 10 




5 

4 

212 


2 

2 

045 

12 

12 

424 

60 

60 

14 131 



23 

22 

20 25 


4 

3 

2-7 


1 

09 

032 

9 

0 

5 19 

45 

33 

1792 


1.4 

06-7 

11 

7 

5-27 

69 

37 

25-170 


1 

02 

012 

14 

10 

6-25 

•I 

09 

31-131 


Poofed VOC V 


m#an 

modan 


139 

110 


140 

117 

164 

291 I 

126 

92 

156 

271 


•22 

•96 


206 

160 


141 

119 


214 

154 


201 

101 


Pooled VOC’* is the sum ol the concentrations of all volatiles specifically Identified In this study. It is not a measure ol total volatiles. 
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In order to assess the worst and best air Quality for both smoking and non-smoking situations. 
Table 3 presents individual values for the minimum and maximum RSP observed for smokers 
offices and for non-smokers' offices. So, for example, the ‘minimum smokers* offices' drta in the 
first column presents all of the analyte values for the single visit that gave the minimum RSP value 
(40 pg m 3 ). For this, data from Site 5. which is an open-plan space with one smoker and twenty-nine 
non-smokers, has been excluded from the considerations in order not to bias the comparisons 

Table 4 presents the same evaluation, except that it is based on (he single vrsrt corresponding to 
the minimum and maximum CO value observed. 

The data is best evaluated by considering each analyte, or group of analytes, m turn. 

Nicotine 

In smokers' offices the median airborne nicotine level was 3. 4 m 3 (range 0.6 to 26 pg m 3 ). 
From Table 2 it can be seen that the highest median for an individual site was 18.1 pgm 3 for Site 
2. whilst the lowest median was 1.0 pg m‘ 3 for Silt 5. The nicotine data is of a similar order, though 
slightly tower in magnitude, as compared to other studies of offices (19. 21, 22). Numbers of 
cigarettes smoked during each visit were not indented in this study, because we did not wish to 
influence the occupants behaviour by either observing or questioning. The data show fettle 
correlation between nicotine levels and numbers of smokers present, or between nicotine levels 
and smoker density (the number of smokers present divided by the size of the room). 

Some nicotine was found in the air of non-smokers' offices, though this was at a low level with a 
median value of 0.6 pg m' 3 (range 0.1 to 2.1 pg m 3 ). Site 4 gave a median nicotine value of 0.1 
pg m' 3 , whilst Site 10 gave a value of 1.4 pg m*\ Site 10 had been occupied by a smoker up to 
one week prior to the start of this investigation and hence K is possible that this level is due to a 
re-emission of nicotine from the furnishings. It is also possible that some nicotine Is transferred 
through the air-conditicning system, or that unknown to us, a smoker occasionally visited this site. 



The RSP median value in smokers’ offices was 91 pg m' 3 (range 19 to 225 pg m 3 ). The UV-RSP 
median value, which is an estimate of the possible ETS contribution to RSP, was 24 pg m 3 (range 
1 to 75 pg m 3 ). 

Median values of RSP for each smoking sit# correlated poorly (0.522) with corresponding nicotine 
values. However, median UV-RSP values, again for each smoking site, gave an excellent 
correlation (0.962) with corresponding nicotine values. This indicates that the sum of the other 
particulate sources in this building is far more significant than the contribution from ETS (which 
may be, in smokers* offices, of the order of 30% of the total). 

Data from non-smokers* offices yields a median RSP value of 71 pg m' 3 (range 27 to 208 pg m 3 ). ^ 
Some UV-RSP was also observed, with a median of 8.8 pg m 3 (range 1 to 17 pg m 3 ). The 
non-smoking Site 10 had a higher median RSP than smoking Sites 1,3. 4, 6. 7 and 8, though the 

median UV-RSP for Site 10 was only higher than smoking sites 3 and 5. 

■ 

Interestingly, Site 5 (the open plan area with 29 non-smokers and one smoker) had a higher than 
average median RSP value (129 pg m' 3 ) but a lower than average UV-RSP value (7 pg m 3 ). 
indicating a significant non-ETS particulate source in this area. 


The comparison of minimum and maximum RSP visits for smokers* and non-smokers* offices 
(Table 3) is Interesting. Overall, there is a tendency for analyte levels to increase corresponding 
to the increase in RSP value. The increase is not of the same order of magnitude (apart from 
nicotine and UV-RSP in smokers* offices). Comparing benzene levels, for example, there ts an 
increase from 4 to 8 pg m 3 in smokers' offices, and an increase from 15 to 18 pg m 3 in non-smokers' 

offices. 
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TABLE 3: Data from a single visit corresponding to the minimum and the maximum RSP 

value obtained’, separate ty smokers' and non-smokers’ offices. 

(Data in pg m* apart from CO and CO, which is given In ppm) 



Nicotine 

Respirable suspended 
particulat es (RSP) 

UV-RSP 


Carbon monoxide 
Carbon dioxide 


Benzene 


Ch .'vrobenzene 


n-Decane 


1,2-Dichiorobenzene 


1,2-Dichloroethane 
Dodecane 
Ethyl benzene 


Um one ne 
rvOctane 


a-Pinene 


Styrene 


T etrachloroethene 


Trichioroethene 


Toluene 
Undecane 


2’Viny I Pyridine 
o-Xylene 
nVp-Xylene 


Smokers' Offices 


Minimum 
(Site 3) 


550 


Maximum 

(Site 2) 


500 


Non-Smokers' Offices 


Minimum 
(Site 9) 


Maximum 

(Site 4) 


20S 


I 2.2 

1.0 

I 500 

600 

1 15 

18 

1 0* • 

0.3 

1 8 

5 

1 0.4 

0.7 

I 20 

18 

I 1 

2 

1 3 

5 

1 4 

4 

1 4 

2 

i 3 

8 

I 10 

12 

I 4 

8 

I 1 

0.2 

I 23 

25 

1 6 

4 

1 13 

0.3 

I 7 

11 

1 33 

81 | 


• Site 5 has been excluded from consideration 
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Repare and Lowrey (23) have suggested that a typical non-smoker working m an office building 
»n tne U.S, igeneraily air-conditioned}. would be exposed to average concentration* of pamcutates 
due specifically to ETS of 242 pg m 3 {range 100 to 1000 pg m f ). On this basis, these authors 
proposed numbers of deaths in non.smokers due to exposure to ETS in the workplace and 
suggested that workplace smoking restrictions should be introduced. Our data, acquired m a 
relatively wen ventilated but not untypical U K. office building, suggests average ETS particulate 
levels some 10 times lower than those given by Repace and Lowrey; UV-RSP values tn our study 
tor smokers* offices being 24 pg m 3 (range 1 to 75 pg m 3 ). 

It is known that Repace and Lowrey did not take into proper account particulate sources other than 
ETS. but rather suggested that ETS was the maior source of particulates. Our study suggests 
that this might not be so. The work of other researchers in the U.S. also suggests that the Repace 
and Lowrey data may be a gross over-estimate (24). 



Median carbon monoxide levels were 1.1 ppm (renge 0.5 to 3.4 ppm) for smokers'offices, and 1.0 
ppm (range 0.7 to 3.6 ppm) for non-smokers* offices. 


Comparing median values for each office. Site 5 has the highest at 1.6 ppm. This is associated 
with a relatively high RSP value and a relatively low UV-RSP value for this Site, indicating a source 
other than ETS being responsible. All other sites were found to have similar median CO levels 
(range 0.9 to 1.4 ppm). 


For smokers' offices alone, and excluding Site 5, thore was a relatively good correlation between 
median CO level for each site and both the corresponding nicotine level (eorr. 0.929) and the 
corresponding UV-RSP level (corr. 0.924). This correlation was not so well defined for 
corresponding RSP values (corr. 0.752). This suggests that ETS is contributing to the CO level 
in smokers' offices, though this contribution seems to be of the order of 0.1 to 0.4 ppm. 


Table 4 compares four individual visits corresponding to minimum and maximum CO values for 
smokers’ and non-smokers* offices. For smokers* offices the increase In CO from minimum to 
maximum corresponds to increases in many of the other anaJytes. However. Site 6 (where the 
maximum CO level was observed) was a drawing office where many print materials were being 
used, and so this confounds the interpretation. For non-smokers' offices, the CO level increase 
from minimum to maximum corresponded to an increase in particulate. CO,and some (but not all) 
aromatic VOC levels, but a decrease in hydrocarbons and in tome chlorinated VOCs. 

The relatively low CO levels observed may. in part, be due to the fact that air is drawn into the 
building from roof level, well away from the traffic circulating the building. 


Median CO* levels for all smokers* sites was 600 ppm (range 450 to 1000 ppm) and 500 ppm 
(range 450 to 800 ppm) for non-smokers' offices. These levels suggest that the building is relatively 
well ventilated. 

Comparing medians for each site office. Site 1 (a small office occupied by a single smoker) 
consistently had higher levels of C0 2 than other sites. A comparison of SHe 1 with Site 9 (a similarly 
small office occupied by a single non-smoker) suggest that the high CO, levels in Site 1 are not a 
simple correlation with si 2 e of room. It was noticed, however, that in Site 1, ventilation inlets at 
the window silts were significantly obstructed and this may be of importance. 
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Some 18 VOC's were quantified in this study. One of the most interesting is benzene. The EPA s 
TEAM study (14) has suggested that ETTS is a major source of benzene in indoor air. Our data 
trom this office building does not confirm that suggestion. The median benzene level in smokers 
ohices was 8 frig m 5 (range 3 to 49 pg m 3 ). whilst the median benzene level in non-smokers 
offices was 10 ug m 3 (range 3 to 31 ng m’ 3 ). The difference in benzene levels between smokers 
and non-smokers' offices was not statistically significantly different at the 95% confidence limit 

It is found that there is poor correlation over individual smokers* offices (excluding Site 5) between 
median benzene levels and median nicotine (corr. 0.334) or between median benzene levels and 
median UV-RSP (corr. 0.243). Looking across all offices. Site 5 has the highest median benzene 
level (13 }ig m 3 ) with Site 9 the second highest (12 pg m% 

The absolute levels of benzene found in this study are similar to that found in the TEAM study, but 
the conclusions on what is the major source of benzene are quite different. 

Comparing all of the median VOC values in Table 2. 9 VOC‘s are higher in »>on-smokers’ offices. 
7 are higher in smokers' offices and 2 are similar in both situations. However, levels are very 
similar for all VOC‘$ comparing smoking and non-smoking offices. There is no indication that the 
presence of ETS is associated with significantly increased levels of VOC's in this office environment. 

Comparing median values across individual sites, two offices stand out as being unusual. Site 5. 
which has relatively high RSP and CO values and low nicotine and UV-RSP values, has higher 
than average levels of benzene, styrene, o-and m/p-xylene. and chlorobenzene No obvious source 
for these levels was identified (tobacco smoking was clearty not a major source). H is possible 
that this open plan area was not ventilated as efficiently as the smaller offices, though CO, levels 
do not confirm this. 

Site 6 is also unusual. Much higher than average levels of n-decane, n-octane, ethylbenzene, 
toluene and xylenws were identified. The source of these chemicals is clear. This site is a drawing 
office working with various inks and printing material, and located adjacent to rooms processing 
photographic materials. Hence when pooled VOC’s are calculated by adding the median 
concentrations of all the VOC’s (including nicotine) together. Site 6 is seen to contain around 9 
times more VOC’s than many of the other offices. 

It should also be noted that the peak toluene value averaged over one of the hour tong visits to 
Site 6 was a quarter of the odour detection limit, and the peak stryrene level of 79 pg m 3 was 
equivalent to the odour detection limit This styrene level was observed on just on# occasion tn 
Site 9 (non-smoking, single occupant) and was also associated with higher than averaged levels 
of benzene, chlorobenzene, ethylbenzene, toluene and xylenes. 

In order to illustrate the number of volatile chemicals present in the air of smokers’ and non-smoker s’ 
offices. Figure 2 compares chromatographic profiles taken in Site 3 and Site 4. The two 
chromatograms may be directly compared as the 100% ton count has been adjusted lor the volume 
of air sampled in each visit. H Is dear that the chromatograms are similar, apart from the peak 
corresponding to nicotine (representing 5pg m 3 ) being present in the sample from the smokers* 
office. 





is5 

® 


<! 

oo 





Q r 


Av.mdustrydocuments 




• • 


Figure 2 


CHROMATOGRAPHIC PROFILES OF 
MULTIPLE OCCUPANT OFFICES 


TOTAL ION COUNT 


ONE SMOKER IN 



TOTAL ION COUNT 


100 % 


NO SMOKERS IN 
OFFICE 



TIME IMtWJ 





Source: hllpSj'/www.industrydocuments.ucsf.edu/docs/hkbjOOOO 
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Cigarene Ebuivalent Calculations 

So-ne authors ;17. *9). have attempted to out the levels of ETS constituents into perspective 
wougn cigarette eouivaient calculations. This exercise tav.es the median value of a Cwhstitaer: 
sucn as nicotine or UV-RSP and assumes that this is tne constant exposure. A typical c/earning 
rate ano a time of exposure ft .5 the time spent m the office tacn day) is than used to arrive at a 
ca*»v exposure to the constituent. This is then compared to the oeiivtry of the relevant constituent 
inicotine or paniculate matter) that would he obtained from smoking one cigarette Such 
calculations art strict !y an esttmate of exposure and not dose, are only relevant to the Quantified 
constituent and not total ETS. and taka no account of the differences berween breathing at r and 
inhaling smoke. However, with these facts noted, the calculations are stiff of interest. 

So. *f we assume a typical breathing rate at Hght work tor a male adult of 1 08 m 5 h 1 and for a 
lemaie aouit of 0.62 m 5 h * (24. 25), an exposure time of 7 hours per day. 5 days per week, and 
typical mainstream deliveries from U.K. style cigarette of 1.3 mg per cigarette nicotine and 13.6 
mg per cigarette particulates, then cigarette equivalent calculations can pe made. 

For mcotme. taking the median airborne nicotine value for smokers* offices as 3.1 pg m J , then a 
non-smoker present all day in the office would, on this average, be exposed to the equrvaient of 
0.018 of a cigarette (male) or 0.010 of a cigarette (female). This means that a male non-s/n^er 
would have to work in the smoker's office for over 11 weeks before being exposed to the equrvaient 
nicotine as from smoking one cigarette. For females, this time would have to be 20 weeks. In 
other vords. a female non-smoker would have to work for over seven and one half years the 
smoker's office before being exposed to the equivalent nicotine of smoking a pack of 20 cigarettes. 

This is based on the median value. Even for the office with the highest median airborne nicotine 
(Site 2. 18.1 pg m 3 nicotine), the nicotine cigarette equivalent values are 0.105 cigarette per day 
(male) or 0.06 cigarette per day (female). 

If the calculation is based on UV-RSP as being an estimate of the ETS contribution to respirable 
particulates and taking the median value from smokers* offices as 24 pg m \ then the nnn-smo*er 
working ail day in the smoker’s office would be exposed to the equivalent particulates of 0.013 
(male) or 0.0077 (female) cigarettes per day. This again would result in a male non-smoKer working 
in the smokers' office for 15 weeks before being exposed to the equivalent particulates as smoking 
one cigarette. For females this equates to almost 26 weeks. 

The highest median UV-RSP (Site 2.69 pg m ’) results in particulate cigarette equivalents of 0.038 
cigarettes per day (male) or 0.022 cigarettes per day (female). 

These calculations simply sorve to Hiustrale that levels of ETS constituents in the smokers’ offices 
of this relatively well ventilated building are extremely email. 


CONCLUSIONS 

This investigation of chemicals in the air of smokers’ and non-smokers’ off.cos in an riir-conqibooed 

building results in several conclusions. 

1. The levels of constituents related to ETS (nicotine and UV-RSP) in smokers’ offices were 

found to be low, both in terms of industrial time weighted exposure limits and *n comparison 
to other chemicals present in the air. 

2. In cigarette equivalent terms, a non-smoking male would have to werk in a sm^er's office 

for an average 11 weeks before being exposed to the nicotine equivalent of one ogarer.t 
Based on particulates . th»$ time extends to 15 weeks. For females, this equates xo 20 
weeks (based on mcoune) or 26 weeks (based on particulates). 
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Both medans and ranges of ETS-reiated particulate levels are soma ten ttmes lower than 
those suggested by Repace and Lowrey (23) to be typical of U.S. office buildings. 

By comparing smokers’ and non-smokers* offices, and by observing values obtained for 
R$P and UV-RSP. it seems that, in this environment. ETS was a minor contributor to 
respirable particulate levels in air. 

The presence of ETS resulted in a slight increase in CO levels, of the order of 0.1 ppm. 

ETS did not significantly contribute to levels o 9 volatile organic compounds in office air. tr. 
direct conflict with the findings of the U.S. EPA TEAM study (14), our research suggests 
that tobacco smoking dots not resuIt in significant increases o< compounds such as benzene 
in office air. 
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ABSTRACT 


A survey-was-per formed -in -of f ices ~in 0ttawA7 T>ntar io to -estimate -non-smoker exposure^? 
to—environmental -tobacco -smoke ' (ETS). -• Portable _air sampling systems were used rto \ 


sample" 31 offices for nicotine,' ultraviolet particulate . matter -(UV-PM, .van JITS 
indicator) / and carbon monoxide (CO). Mean concentrationa, r of nicotine .and UV-PM were 
7.2, 'and 24 pg.eTS, ‘ respectively/ Exposure estimated ‘from mean nicotine Jand UV-^PM ^ 
-results*'were 0.004 and 0.OOiTcigarette equivalent per_hour, respectivelv. r ’ 


INTRODUCTION p 

Two recently published reports (1,2) have concluded as a matter of public health 
policy that exposure to environmental tobacco smoke (ETS) is a health risk to 
non-smoking adults. These conclusions draw from epidemiological studies which 
attempt to determine the association between spousal smoking at home and disease 
incidence. These studies rely primarily on respondant questionnaires to classify ETS 
exposure. Few data are available regarding measured ETS exposures either in or out 
of the home. Because quantification of ETS exposure by questionnaire is imprecise, 
direct measurements of ETS are necessary. This report -presents results from a survey 
performed in Ottawa from 25 to 28 August 1987 where ETS exposure levels for 
non-smoker* were measured in offices,• one indoor environmental category in which 
significant exposure might be expected to'occur (3). 


EXPERIMENTAL 

Selection of Offices 

The primary criterion determining selection was that the office space to be sampled 
be shared by two or more persons of whom at least one smoked. Hone of the businesses 
involved in the survey had any type of mandated smoking policy. However, in some 
offices certain areas were recognised for smoking, either by agreement or habit. An 
independent organisation selected the offices for the survey. Candidate offices were 
contacted by telephone. The selection process also was directed by guidelines that 
were designed to vary the sample of offices with respect to: nature of business, age 
of building, number of floors in building, number of employees in office, and sise of 
office space sampled. Additional criteria related to the availability of adequate 
sampling locations. Contacts at offices were given the freedom to designate the 
office space to be sampled in cases where more than one location in the office 





meeting the selection criteria was available. Thirty-one offices were selected for 
the survey. 

Sampling Methods and Procedure 

Portable air sampling systems (PASS's) (4) were used for the measurements. The 
sampling procedures employed were designed to collect air samples for determining the 
concentrations of vapor phase nicotine, ultraviolet particulate matter (UV-PM), 
respirable suspended particles (RSP), and to monitor the concentration of carbon 
monoxide (CO) and the air temperature and barometric pressure. Sampling procedures 
utilised established personal exposure monitoring equipment and techniques that were 
designed to be unobtrusive. One set of measurements (nicotine, UV-PM, RSP, and CO) 
vas collected as an area sample in each office. The duration of each sampling period 
vas about 60 minutes, during which the PASS vas not moved. 

The PASS is an area sampling device, powered by batteries and designed to appear as 
an ordinary briefcase. This design reduces the possiblity that sampling will 
influence occupants* ordinary activities. During operation, the PASS remains closed 
and makes little noise. The briefcase's exterior has an on-off switch positioned 
under the handle and inlet and exhaust ports positioned diametrically at the corners. 
These items are brass and therefore match the briefcase's original hardware. 

The specific sampling location within each office was chosen to obtain a sample that 
vas representative of the air in the mixing tone of the room and depended on the 
actual floor plan and furnishings. Guidelines for selecting sampling locations were 
derived from those described by Nagda and Rector (5). In general, PASS locations 
were: near the centers of occupied areas; at least two feet away from walls, floors, 
and ceilings; at positions not directly affected by direct ventilation sources such 
as doors or air vents; and at places allowing sampl ing to be as unobtrusive as 
possible. A typical location was on a table, desk, or filing cabinet near the center 
of the room. A previously identified contact person was the only one aware that lir 
sampling vas being performed. Sampling was conducted during regular office hours 
(£:00 a.m. to 5:00 p.m.). 

♦ « 

The PASS operator documented smoking activities by recording at five-minute intervals 
the number of cigarettes being smoked. The total number of cigarettes smoked vas 
determined from these observations. Other recorded observations included the room 
sire, PASS location, location of ventilation sources, and perceptions regarding the 
extent of air mixing and ventilation. When time permitted, outdoor CO concentrations 
were measured either immediately before or after collection of corresponding indoor 
samples. 

The method employed for sampling nicotine was based upon the method used by the U.S. 
National Institute for Occupational Safety and Health (NIOSH) (6) and has been 
de scribed (7). Major components of the nicotine sampling system include a sorbent 
tube containing XAD-4 resin that is connected with rubber tubing to a constant-flow 
aampling pump operated at a nominal flow rate of 1 L.min~*. Sorbent tubes extended 
two centimeters from the side of each briefcase; air samples were introduced directly 
into the tubes. Samples of particulate matter were collected with a system 
comprising an impactor separating at 3.5 microns (urn), a filter cassette containing a 
37-millimeter diameter 1.0 ym Fluoropore membrane filter, and a constant-flow 
sampling pump operated at a nominal flow rate of 2 ].min~l. The inlet to the filter 
cassette was located immediately downstream of the impactor. Pumps associated with 
the nicotine and particulate matter sampling systems were obtained from SKC Inc., 
Eighty-four, PA. 

CO concentrations were measured by pulling air through an electrochemical detector at 
a nominal flow rate of 0.5 CO monitoring systems were developed by 
modifying commercially available, passive sensors to operate with sampling pumps. CO 
detectors (obtained from Neotronics, N.S., Gainesville, GA) were fitted with sampling 
lines and sampling pumps (obtained from Gilian, Inc., Wayne, NJ). The system also 
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included a voltage regulated power supply to the pump in order to maintain constant 
flow to the sensor. The detector was interfaced to a Model 21X data logger obtained 
from Campbell Scientific, Inc., Logan, UT. For use in the field, the data logger was 
programmed to record data once per minute. Sampling times also were recorded by the 
data logger, which is interfaced to the on-off switch. lecorded data were 
transferred to personal computer for interpretation. 


Daily calibrations were performed on particulate matter and nicotine sampling pumps. 
Pump flow rates were measured with a primary standard (a bubble meter), then 
converted from actual to standard conditions of temperature and pressure (25*C and 
760 torr). Pumps were adjusted when flow rates deviated more than 102 from 
respective nominal flow rates. Measured flow rates, as distinguished from nominal 
flow rates, were used for computing concentration results. 


A calibration curve was prepared for each CO analyser with certified standards of 
CO in air contained in cylinders acquired from Scott Specialty Cases, Plumsteadvil1e, 
PA. Concentrations of the standards were 0.9 and 40 ppm CO. The calibration curves 
were used to adjust the CO measurements obtained during sampling. 


Analys is 

Nicotine was analyzed according to the method described by Ogden e_t a_K , (7). 
Nicotine collected on the XAD-4 resin was desorbed in 2 ml ethyl acetate containing 
0.012 (v/v) triethylaraine, which serves to neutralize acidic sites on analytical 
glassware aurfaces. Analyses were performed with a Tracor Model 565 gas 
chromatograph equipped with a nitrogen-phosphorus detector. Chromatography was 
accomplished with a 30 m x 0.53 mm inside diameter, fused silica capillary column ** 
coated with a 1.5 micron film of DB-5 (52 phenyl me thy 1 pol ys iloxane, obtained* from * 

J 6 W Scientific, Inc., Folsom, CA). Quinoline (Aldrich Chemical Company, Milwaukee, 

WI) was employed as an internal standard. For each sample, the rear segment of XAD-4 
resin was analyzed separately in order to assess breakthrough, of which none was 
observed. Desorption efficiency was quantified according to the procedure contained 
in the NIOSH method (6). Six blanks were analyzed in conjunction with the field *. 
samples. 

An attempt was made to quantify RSP according to the method described by-Conner et 
al., (8). Filters and samples were humidified at room temperature above a 502 

aqueous solution of ethylene glycol for at least 12 hours before initial or final 
weighing. Static charges were removed by holding filters and samples under an 
antistatic device (Staticmaster, Model No. 2V500, Nuclear Products Cq-, El Monte, CA) 
for at least one minute prior to each weighing. Weights were measured with a Cahn 21 
microgram balance. An antistatic device also was attached to one of the balance's 
interior walls. Each gravimetric result was the mean of five separate weighings. 

UV-PM was quantified with the method described by Conner e£ al., (8). This method 
utilizes the same samples as the method for determining tSP. After RSP is measured, 
the sample is extracted with 4 ml methanol and a 50 yl aliquot is injected into a 
columnless liquid chromatographic system equipped with an ultraviolet detector 
measuring sample absorbance at 325 nm. Masses of UV-PM are then interpreted with a 
standard calibration curve derived from known concentrations of ETS generated in an 
environmental chamber (9). For the work reported here, methanolic aolutions of 2,2', 
4,4' tetrahydroxybenzophenone (Aldrich Chemical Company, Milwaukee, WI) were employed 
as secondary standards. Six blanks were analyzed for RSP and UV-PM in conjunction 
with the field samples. Ingebrethsen e£ al., (10) have reported results from 

comparative evaluations performed in the environmental chamber that show the RSP and 
UV-PM methods are unbiased relative to piezoelectric balances. Ogden et al_. , (11) 
have reported results of collaborative tests of the methods for determining nicotine, 
RSP, and UV-PM. 
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RESULTS 

Results from the survey are presented in Table I. Concentrations of nicotine and 
UV-PM are at standard conditions of temperature and pressure (25*C and 760 torr). 
The wean sampling time was 65 min. The tabulated carbon monoxide concentration 
differences, delta CO, are computed relative to ambient concentrations by subtracting 
outdoor measurements from corresponding indoor measurements. Nicotine was not 
detected for samples 1, 14, and 28; the concentration limits shown for these samples 
are computed from respective volumetric data and the analytical limit of detection, 
0.1 pg. For eight sample locations, outdoor samples for carbon monoxide were not 
obtained; in the table these and the corresponding data entries are identified by NA, 
"not available”. 

Measurement results are summarised in Table XI. The concentrations of nicotine, 
UV-PM, and CO represent the mean levels that non-smokers were exposed to in the 31 
Ottawa offices. Statistically, the measurements* are log-normally distributed and 
better represented by the geometric mean. For example 792 of the nicotine 
measurements were less than the arithmetic mean (12 yg.m~3) while 542 were less than 
the geometric mean (7.2 yg.trT^). This is also the ease for the UV-PM measurements, 
with 812 less than the arithmetic mean (44 yg.m"^) and 522 less than the geometric 
mean (24 yg.m~3). The CO measurements also exhibit similar distributions. Note that 
those measurements below limits of detection were excluded from the statistical 
calculations for all cases (nicotine, UV-PM, and CO). 

Six blank tubes and filters were analyzed for nicotine and UV-PM along with other 
samples. These blanks were carried into the field and handled in the same manner as 
the other samples with the exception that no air was pulled through them. No 
nicotine was measured in any of the blank XAD-4 tubes at the detection limit of the 
method (0.1 pg). The average background value in the blank particulate filters 
1.5 pg) was used to adjust, or "blank correct", the UV-PM sample values. 

RSP values generated from this survey are not reported. Absolute weights of 
particulate matter samples collected on the filters were near the detection limit of 
the method as estimated from the variation of the weights of the filter blanks. The 
result of this was that individual RSP sample differences could not be quantitatively 
determined. With the sampling and analytical techniques used, it would have been 
necessary to sample longer than 60 minutes to collect enough particulate matter to 
measure RSP quantitatively. 


DISCUSSION 

Exposures represented by the measured concentrations of nictoine and UV-PM may be 
placed in perspective by presenting them in terms of cigarette equivalents. This 
type of interpretation has been used by other researchers for nicotine and other 
tobacco smoke components as markers for ETS (12,13,14). As used here, this measure 
is intended strictly as an estimate of exposure as distinguished from dose. Assumed 
for the calculations are a breathing rate of 8.6 1.min~* and a cigarette delivering 
0.96 mg nicotine and 12.2 mg "tar". The breathing rate corresponds to thst 
associated with '‘miscel laneous office work" (15). The nicotine and "tar” values are 
sales weighted averages for cigarettes sold in Canada in 1986 (16). Also assumed for 
the calculations is the equivalence of UV-PM and "tar". Results from these 
calculations are presented in Table III. Based on the results of this survey, the 
average office worker was exposed to 0.0039 cigarette equivalent per hour (using 
nicotine as a marker) 0.0010 cigarette equivalent per hour (using UV-PM as a marker). 
Put another way, the time for exposure to one cigarette equivalent would have been 
260 hours (using nicotine) or 1000 hours (using UV-PM). 

The nicotine concentration results are comparable to results reported previously. 
(Sterling e_t al., (17) have reviewed the literature relative to ETS measurements up 
to 1981). Muramatsu e_t al.» (16) used personal sampling techniques involving 
silicone 0V-J7 as the sorbent medium. These researchers collected samples in three 
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TABLE I 


1ESULTS OF NICOTINE, ULTRAVIOLET PARTICULATE 
HATTER, AND CARBON MONOXIDE MEASUREMENTS 
IN OTTAWA OFFICES (AUG. 25 - 28, 1987) 


CARBON MONOXIDE CONCENTRATION 


SAMPLE 

NUMBER 

SAMPLING 

TIME 

(MIN) 

NO. OF 
CIGARETTES 
SMOKED 

NICOTINE 

CONC. 

Vi sT 3 

UV-PM 

CONC. 

Mg *T 3 

INDOOR 

(ppm) 

OUTDOOR 

DELTA 4 

1 

85 

1 

<1.2 

9 

<0.1 

0.5 

-0.5 

2 

78 

6 

7.8 

20 

1.7 

0.4 

1.3 

3 

62 

3 

5.6 

25 

0.6 

1 .6 

-1.0 

4 

60 

4 

4.6 

21 

<0.1 

<0.1 

0.0 

5 

74 

1 

1.7 

7 

0.6 

0.1 

0.5 

6 

61 

2 

9.1 

24 

1.2 

HA 

NA 

7 

73 

1 

4.1 

22 

3.1 

3.0 

0.1 

8 

64 

4 

8.2 

15 

1.1 

0.7 

0.5 

9 

80 

4 

7.4 

14 

1.1 

4.0 

-2.9 

10 b 

60 

5 

69.7 

104 

3.4 

0.4 

3.0 

11 

56 

1 

2.4 

26 

0.4 

0.5 

-0.1 ** 

12 

62 

9 

7.9 

25 

2.0 

5.8 

*3.8 * 

13 

84 

2 

1.7 

14 

0.7 

<0.1 

0.7 

14 

61 

1 

<1.6 

12 

1.4 

NA 

NA 

15 

61 

4 

4.1 

6 

1.8 

NA 

NA 

16 

65 

2 

3.7 

15 

0.9 

5.3 

-4.3 

17 

61 

3 

13.4 

45 

0.1 

0.4 

-0.3 

18 

60 

2 

11.1 

30 

<0.1 

0.2 

-0.2 

19 

53 

2 

2.0 

7 

0.2 

1.4 

-1.2 

20 c 

58 

7 

21.7 

44 

4.9 

% 

1.1 , 

3.8 

21 

60 

2 

4.9 

12 

0.5 

NA 

NA 

22 

74 

2 

6.7 

77 

1.7 

NA 

NA 

23 

63 

1 

6.3 

33 

2.5 

NA 

NA 

24 

59 

16 

3.1 

12 

0.4 

NA 

HA 

25 

71 

6 

4.6 

18 

1.3 

2.4 

-1.1 

26 

59 

3 

30.5 

31 

2.6 

3.4 

-0.7 

27 

61 

5 

a 

7.2 

34 

2.5 

2.8 

-0.3 

28 

57 

• 

1 

<1.7 

7 

0.8 

2.4 

-1.6 

29 

61 

3 

8.2 

51 

1.6 

NA 

NA 

30 d 

67 

31 

58.3 

426 

8.7 

2.0 

6.6 

31 

60 

7 

19.2 

166 

6.6 

1.6 

5.0 


U) INDOOR-OUTDOOR 

(b) SMALL OFFICE; OCCUPIED BY 2 SMOKERS 

(c) NEAR SMOKERS •'BREAK” AREA 

(d) OFFICE OCCUPIED BY 3 SMOKERS; NIMBER OF CIGARETTES INCLUDES ADJACENT OFFICES 
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Table II 


Descriptive Statistics for Nicotine, Ultraviolet Particulate 
Matter, and Carbon Monoxide Measurements 


a 



NICOTINE 

(yg ®“ 3 ) 

UV-PM 
iut »~ 3 > 

0 

CARBON 

INDOOR 

MONOXIDE CONCENTRATION 
(ppm) 

OUTDOOR DELTA 

Mean (arith.) 

12.0 

44 

1.9 

1.9 

0.2 

Mean (geo.) 

7.2 

24 

• 

1.3 

1.2 

NA 

Min. 

<1.2 

6 

<0.1 

<0.1 

-4.3 

Max. 

69.7 

426 

8.7 

5.8 

6.6 

N . 

28 

31 

28 

21 

19 


i 


Table III. Descriptive 

Nicotine and 

Statistics for ETS Exposure Estimated from 

UV-PM Measurements 


EXPOSURE (CIGARETTE 

EQUIVALENTS PER HOUR) 


NICOTINE 

UV-PM 

Mean (geo.) 

0.0039 

0.0010 

Mean (arith.) 

0.0064 

0.0019 

M in imum 

0.0009 

0.0002 

Maximum 

0.038 

0.018 

N 

28 

31 




i 


i 
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I 

i 
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office* in Japan and reported average concentration* ranging from 5.9 to 19.8 yg.m“3, 
Oldaker et al_., (19) measured nicotine with PASS’* in 47 office* in New York City and 
found that the concentrations were di*tributed log-normally ranging from 1.0 to 
16.3 yg.m~3 with a geometric mean of 4.3 Hammond e£ al. , (20), employing 
filters impregnated with aodium bisulfite to collect personal nicotine samples, 
reported nicotine concentrations ranging from 3.1 to 26.2 yg.m*^ for four non-smoking 
office worker*. 


UV-PM results are 
York City (19). 
from 17 to 258 yg. 


result* found in a 1986 survey conducted 
that survey concentrations in 47 office* 


consistent with 
Accordingly, for 

with a geometric mean of 38 yg.trT^ 


in New 
ranged 


Indoor and outdoor CO results likewise are comparable to results reviewed (17); thi* 
comparability is also shown for the delta CO results, which some researchers have 
used to provide indications of ETS. Computation of delta CO values assumes that 
indoor CO source* other than ETS are absent and that outdoor measurements represent 
the CO background. Substracting outdoor CO measurements from indoor CO measurement* 
thus should give the ETS contribution to the indoor CO concentration. For the 
present investigstion, delta CO values vary considerably, ranging from -4.3 ppm 
(outdoor CO concentration higher than indoor CO concentration) to 6.6 ppm (indoor CO 
concentration higher than outdoor CO concentration). 


For most samples, the outdoor CO concentration was higher than the indoor 
concentration. For example, the outdoor concentration was higher than the indoor 
concentration for 13 of the 23 sets of measurements, while the indoor was higher than 
the outdoor for 9 sets of measurement a. Although higher delta CO measurement* 
accompanied tome of the samples with higher concentration of nicotine or UV-PM 
(sample numbers 10, 20, 30 and 31), delta CO does not appear to be a useful marker 
for ETS because of variation in CO levels caused by other combustion sources. 


Results from the thirty-one sampling sites investigated are expected to provide upper _ 
estimates of non-smoker exposure to ETS. All of the offices in which aamp1 ine was _ 
performed during this survey met the primary criterion, which was to sample in ‘ 
offices where active smoking was observed as the measurements were being taken. An 
unbiased and therefore presumably lower, estimate would have been obtained had 
samples been collected in randomly selected offices, because some of these would have 
been occupied only by non-amokers. 
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CONCENTRATIONS OF NICOTINE AND 
TOBACCO SMOKE IN PUBLIC PLACES 

William C. Hinds. ScD., 
lN*d Melvin W. First. Sc.D. 


P UBLIC interest has focused on health effects to the 
large numbers of nonsmokers exposed to tobacco 
smoke jp public places. Recent regulations in a few cities 
have banned smoking in public pl^es, or have restricted 
smoking in the manner of United States commercial air¬ 
craft. 

Two studiesindicated that in crowded private rooms 
concentrations of tobacco smoke often exceed 260 /ig per 
cubic meter, the federal air-quality standard for particu¬ 
late matter that is not to be exceeded more than one day 
per year. Hoegg* estimated that in residences, meeting 
rooms, or private automobiles, the nonsmoker inhales in 
one hour the equivalent of smoking 0.01 to 0.20 ciga¬ 
rettes. Bridge and Corn,* by measuring carbon monoxide 
during party situations involv ing 50 to 73 people in rooms 
of 140 and 100 m* under controlled ventilation condi- 
dons, estimated smoke concentrations to be 2000 to 4000 
/ig per cubic meter and concluded that these levels are a 
matter of concern. 

Estimation of levels of tobacco smoke in public places 
was undertaken to evaluate the health implications for 
itonsmokers. Measurements were limited to the particu¬ 
late phase of tobacco smoke, although it is known that the 
gaseous phase also contains substances that may affect 
health. Since the objective was to measure only tobacco 
smoke, all methods commonly used to measure total sus¬ 
pended particulate matter were ruled out because of the 
many other sources of particulate matter in the indoor at¬ 
mosphere. The use of carbon monoxide as a tracer has 
simitar disadvantages because of the widespread distribu- 
don of this common air pollutant. Nicotine was chosen as 
the tracer for tobacco smoke for the following reasons: it is 
specific for tobacco smoke (the only other source of nico¬ 
tine is from agricultural sprays, which are unlikely to be a 
contaminant of the indoor atmosplteres tested); with the 
exception of water, nicotine is the largest single compo¬ 
nent of the particulate phase of tobacco smoke; nicotine 
concentration is unaffected by the moisture content of tlwr 
smoke: and sensitive gas chromatographic analytical 
methods are available for measurement of nicotine con¬ 
centrations. 


From ihe Department of Environments! Health Science*. Harvard 
School of Rub lie Health (reprint icquettt should be addressed to Dr. Hind> 
•t the Hjrv jrd School of Public Hcnlth,665 Huntington A**., Poston, MA 
62115 ). 

Sofpor ;e J by the Massachusetts I aing Association and its local af ftfLtes. 


Because of tlte wide range of public places evaluated 
and the small number or samples, the procedures cin- 
p!o>cd and die results slvouk! be considered a pilot study 
having the limited objective of defining the extent of the 
•"passive-smoking"problem in public places. 

Sampling Methods 

The proccdurewtxto enter a public place a* a patron and sam¬ 
ple a known volume ofair through an AA Millipore filter having a 
collection efficiency for tobacco smoke greater than 99 percent, 
s were taken with an inconspicuous battery-powered 
it a rate of 4 liters per minute for a maximum period of 
sun. The entire sampling system weighed li kg and was con- 
ined in a phenolic box. 17 by 13 b) 6 cm (Fig. 1). To obtain re¬ 
st ic samples, the unit was placed as dose to the breathing rone 
possible—e.g.,on a table in a restaurant, or on a bp in a train. 


pump 

hours. 




♦ • 
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Figure 1. The Sampling System, Showing the Pump (1), 
Motor (2), Pulsation Damper (3). Filter Holder (4), Recharge¬ 
able Batteries (5). On-Off Switch (6). Air Inlet (7), Battery- 

Charging Jack (8), and Cast (9). 


The materia! trapped on tlie Hirer was extracted with distilled 
water, concentrated by rotary evaporation, and analysed for nic¬ 
otine with a gas chromatographic technic described byjacin et 
ah* The nicotine content was used to calculate the tobacco-smoke 
particulate concentration on the bads of an experimentally de¬ 
termined nicotine fraction of 2.f> per cent esiubl ished by measure* 
mem of total particulate mass and nicotine concentration of 
sidestream smoke in an aerosol chamber. Sidestream smoke is the 
principal component of indoor tobacco-smoke pollution (i^ M 80 
toOO per cent).'•* 

Tests were run with filter and nonfilter cigarettes, and current 
sales figures 4 were used to calculate the weighted average nico¬ 
tine fraction as 2.0 per cent. No noteworthy concentration effect 
ont tie otitic fraction wa* observed for smoke concentration* rang¬ 
ing from 6090 to 110,CKK)/ig per cubic meter. Our ambient mea¬ 
surements vs crcanoi dcr of magnitude smaller than this range. 

Twenty-three samples were taken in the Boston area during 
1973 and early 197-1. Some types of public ateas—commuter 
trains, commuter buses, am! bus and airline waiting rootm — 
were sampled rc|x.atedh. wliercu* otlicrs. such ns large, crowded 
restaurants and lounge*, »v represented by individual samples. 
Onbu>t**anrf trains no attempt was made to sample in smoking or 
nonsmoking sections because these designations ate largely ig* 
noredh) p.»*sengt*rv. 

Results 

Smoke concentration fur each rategory of public place is 
shown in Table I as weight per unit volume of sampled 
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Tab!* 1. Tobacco-Smok# Concentrations in Indoor Public 

Places. 


CaTXCOKT 

No, or 
Iamhu 

Mutvuo 

Nicotinc 

CoMCmi*- 

VaATSOW* 

AVUACt 

CAlCVtATlD 

Tm^ccdSwou 

COMCtNTaATIDX* 

•AMCC AmACt 

EocrvALlKT 

Fust* 

ClOUITTU 

SMOasoTH* 

Commuter train 

4 

4.9 

9MS0 

190 

0.004 

Commuter bus 

5 

4.3 

140-370 

240 

0.005 

Bus waiting room 

2 

1.0 

K-5# 

40 

0.001 

Airline waiting 
room 

2 

3.1 

120 

120 

0.003 

Restaurant 

4 

92 

SI-430 

200 

0.004 

Cocktail lounge 

2 

10.3 

170-440 

400 

0.009 

Student lounge 

1 

U 

no 

no 

0X02 


Table 2. Ambtent-Air-Guatity Standards and Thrtsbold-Umit 
Values for Suspended Particulate Matter. Nuisance Dust, and 

Nicotine. 




Saw 

CoNCi*ruTio.i 

Community air-quality standards: 

Suspended paniculate matter: 

Annual average 

* 75 

Maximum 24-br concentration 

260 

<aot to be exceeded > —ctfyr) 

Occupational standards: 

♦ 

» 

Nuisance dust: 

Threshold limit value 

10.000 

Nicotine: 

a- 

Threshold fimk value 

900 

• 


air and “equivalent niter cigarettes per hour,* the 
amount of smoke inhaled by a sedentary* nonsmoker in 
one hour divided by the amount inhaled by a person 
smoking one filter cigarette (16.1 mg). 1 -*-* 

The data on tobacco-smoke concentration presented in 
Table 1 can be compared to bench marks for dean air 
based on community ambient-air-quality standards and 
threshold-limit values for occupational exposures shown 
in Table 2. These community air-quality standards are 
based on nontoxic dusts, and it is reasonable to assume 
that tobacco smoke may be considerably more harmful. 
The concentrations shown in Table 1 are solely the result 
of tobacco smoke and do not include the background con¬ 
tribution from usual particulate air pollutants. 

The smoke concentrations shown in Table 1 are con¬ 
siderably less than those determined by Hocgg 1 and by 
Bridge and Corn.* who did not account for evaporative 
losses and diffusive losses to surfaces. Furthermore. calcu¬ 
lations based on their data give 12 to 22 per cent of persons 
smoking at a time and room volumes of 10 to 51 m* per 
person smoking, whereas spot checks made during the 
present study gave an average of only 9 per cent of people 
smoking, and room volumes per person smoking ranged 
from 28 to 4200 m 3 . These differences, at least in part, ex¬ 
plain why their calculated concentrations of tobacco 
smoke are higher by a factor of 10 than our measured val¬ 
ues. 

The data collected during this study suggest that al¬ 
though tobacco-smoke concentrations often exceed the 
annual average air quality standard for clean air, these 
levels would not be expected to produce the strong public 
reaction to tobacco smoke that has developed in tire past 
few years. This observation suggests that annoyance from 


tobacco smoke is caused by factors other than the average 
concentration of particulate matter in the indoor at¬ 
mosphere. Fur example, annoyance may be a response to 
peak concentrations of tobacco smoke that are likely to be 
much greater than the average sal ues given in Tabl e 1. 

Considerable annoyance from tobacco smoking may al¬ 
so result from gaseous components produced during the 
tobacco combustion. Gaseous components (not including 
water vapor) represent approximately 70 per cent of the 
mass of combustion products in sidestream smoke’ and 
include strong irritants and unpleasant odors, such as 
phenols, aldehydes, and organic acids. Awareness of to¬ 
bacco smoke is enhanced because its submicrometer parti¬ 
cle size produces a highly visible aerosol at k>v mass con¬ 
centrations. These factors, taken together, may be a more 
important cause of the public's adverse reaction to tobacco 
smoke than the quantity measured in the present study, 
the average smoke concentration. 
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Environmental Tobacco Smoke and Indoor 
Air Quality in Modem Office Work 
Environments 


Theodore D. Sterling. PhD; Chris W, Collett, MA, and Elia M. Sterling. BA, BAich 


gteceni Attempts tc c/mc tbs sir id modern seeled office 
building* sppesr ic hmve focused on one component of indoor 
Air quslity. environments! tobscco smoke (ETS). Prohibiting 
smoking entirely or designsung specific smoking tmi hsj 
been suggested to improve comfort of office workers And 
reduce scute symptoms of so-csJled *'building illness " The 
effectiveness of such methods, ss well as the oversll relstion 
of ETS to indoor Air quslity. Are here evslusted. hosed on 
reviews of s lArge number of studies of indoor Air quslity in 
modern office buildings under norms1 use And occupsncy 
Under these conditions ETS does not Appeer to contribute 
ssgnificAntly to a build-up of oonterninsnts in offices Also . in 
two Isrge series of studies of buildings with hesJth end comfort 
ocaplsints in the US end Csnsds. ETS does not sppesr to be 
mseocieted with reset of building illness 

A 

P ollutants may ‘build up inside the modern office 
•pace. They are generated by a wide variety of 
sources, both in and out of the building. and may be the 
cause of occupant discomfort and illness. Attention his 
been focused on one component of indoor air quality: 
Environmental tobacco smoke (ETS). Reasons for that 
* attention are not hard to find. Smoking has been asso¬ 
ciated with a large number of diseases, and tobacco 
smoke is the most visible indoor source of combustion 
by-products. On the other hand, there are many sources 
emitting toxic materials indoors, and modern sealed 
office buildings tend to generate, entrap, concentrate, 
and circulate a large number of aerosol contaminants 
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so that the indoor atmosphere may become highly pol¬ 
luted in the absence of smoking, 1 * These circumstances 
give rise to two questions: (1) to what extent is the 
overall quality of the air in the office workplace affected 
by smoking workers, and (2) to what extent is ETS 
associated with health and oomfort complaints of office 
workers in modern, sealed, so-called energy-conserving 
buildings? 

Based on a large number of investigations, much is 
now known about the relation of ETS to indoor air 
quality and of outbreaks of building illness It is our 
purpose to review the contribution of ETS to overall 
indoor air quality on tbs modern office environment 
under conditions of normal use and occupancy. Our 
review is based on the results of extensive field moni¬ 
toring that has been undertaken since the mid-1970s by 
investigators from both government and private sectors. 
(All investigations referred to here that are not pub¬ 
lished in journals are available on request from agencies 
doing the studies or from principal investigators.) We 
will briefly treat three distinct but related issues (1) 
sources and concentrations of pollutants in modem of¬ 
fice buildings; (2) environmental tobacco smoke as a 
component of indoor air quality, and (3) building-re¬ 
lated illness and indoor air quality. 


Sources and Concentrations of Pollutants in Modem Offce 
Buddies 

A wide rang# of substances has bepn measured inside 
modern office buildings. Table 1* lists the major groups 
of indoor contaminants and gives thsir sources, subdi¬ 
vided into three groups, based on the location of their 
sources. Group A lists those with predominantly outdoor 
sources; Group B. with sources both indoors and out¬ 
doors; sfiu Group C. with predominantly indoor sources. 
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It ia evident th*t th* majority of indoor pollutant* come 
from'multiple source*. both indoor* and outdoor*. 

A wid* range of contaminant* ha* been measured as 
part of indoor air quality investigation* of office* and 
other public building* since the mid-1970s. The work 
hM been done by a large number of investigator* from 
the public and private sector, with the majority ooming 
from the United States. In order to make more general 
use of these study result*, relevant air quality and other 
data collected by these investigators have been ex¬ 
tracted directly from th sir report* and stored in a 
Building Performance Database ( BPD ) developed by 
these author*.* 4 A similar data base. "Concentration of 
Indoor Pollutant* Data Base" (CIPDB), limited to build¬ 
ings in the United States and concentrating more on 
residences than on offices, has been developed by the 


Lawrence Berkeley Laboratory- at the University of 
California.* The BPD currently contain* information 
from 230 investigation* of office building* throughout 
North America and Western Europe, and include* re¬ 
ported concentrations for 189 different pollutant*. The 
CIPDB currently contains summary data for 192 re¬ 
ports. including nine different pollutants. 

Table 2 presents data contained in BPD of both indoor 
and outdoor concentrations of the 12 pollutant* most 
frequently measured in indoor air quality investigations 
of office buildings The number of measurements, the 
median concentrations, and the rang# of values are 
shown for each pollutant. Measurable concentrations of 
indoor and outdoor-generated pollutant* were often 
found to be preeent in modern office buildings. Only 
carbon dioxide (CO*) and formaldehyde concentrations 


TABLE 1 

iroocr Aw Pofcuunts by Source’ 


Group A Source predominantly outdoor 
Cadnvum 

Calcium chionoe s*i»ca 
Lead manganese 
Ozone 

Sutphur oxides 

Group B Sources both indoor and out- 


industnai emissions. suspensions of soils 

AutomoCxtes 

Photochemical reactons 

Diesel fuef combustion. ndustnai emissions 


Ceroon d»oxoe 
Caroon monoxide 
Nrtro^en oxoes 
Orgarwc substances 

Particulates 

Pbycycnc hydrocarbons 

Vtabe organisms aspens and pollen 

Water vapor 


MetaboJo activity, combuston 

Combustion 

Combustion 

Petrochemical solvents vabonzaton of unbumed fuels paint, metabolic activity, pesto*des. 

insecticides fungooes adnesives household solvents cooking cosmetics 
Combustion, condensation human skm and hair carpet shampoo 
Automobile exhausts and tobacco smoke 

Fung- molds, bacteria viruses dust, anima' dander trees grass, punts 
B*o*ogcai activity compustion evaporation 


Group C Sources predominantly mdoor 
Aerosols 
Ammonia 

Asbestos rrynera' and synthetic fibers 
Formaldehyde and other aldehydes 


Consumer products 
Metabolic activity cleaning products 
Fire-retardant, acoustic, thermal or eiectnca' insulation 
Panda Poard insulation furnishings combustion 


* Adapted from the National Academy of Sciences/National Research Council 1981 1 

* 


TABLE 2 

Comparison o* indoor/Outdoor Pc*ut*nt Lev** Prom 230 Stipes Cont*m*o n Bu**ng Penprmance Oataoase 


WlOOQr 

Concentration* 



Outdoor 

Concentration* 


*• Po*wt*rrt 

* 

NO of 

Measurements 

Median 

Range 

No of 

Measurement* 

Median 

Range 

Aldehydes* 

10 

NDT 

ND-0 03 mg/m 3 

— 

— 


Amines 

9 

ND 

ND«4p4 ppb 

— 

— 

— 

Aromatic hydrocartons 

118 

Trace 

ND-104 mg/m 3 

6 

0 0125 mg/m 3 

ND-2 5 mg/m 3 

Carton doxide 

100 

$09 6 

ND-2300 ppm 

19 

375 ppm 

190-525 ppm 

Carton monoxide 

209 

3.1 

ND-242 ppm 

35 

2 ppm 

ND-32 ppm 

Formaldehyde 

207 

0 013 ppm 

ND-C 6 ppm 

24 

0.001 ppm 

ND-0 031 ppm 

Hydrocartons 

129 

Trace 

ND-28 ppm 

12 

0 032 ppm 

ND-8 pcm 

Nitrogen oxides 

97 

ND 

ND-160 ppb 

17 

27,5 ppb 

ND-57.0 ppb 

Nitrogen dioxide 

45 

ND 

ND-100 ppb 

7 

7 ppb 

NO-67 ppb 

Ozone 

82 

ND 

ND-95 ppb 

9 

12 ppb 

ND-WOppb 

Particulates 

101 

0-038 me/m 3 

ND-0 7 mg/m 3 

47 

0.037 mg/m 3 

ND-0 091 mg/m 3 

Sulfur doxide 

40 

ND 

ND-0 17 ppm 

5 

— 

ND-0.17 ppm 

Temperature 

112 

73*F 

61-80.8*F 

24 

61 *F 

41-68*F 

Relative humidity 

114 

39 1% 

4-74% 

21 

57% 

22-98% 


• Not including formaldehyde 
t NO, nondttectab*e level 
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wars substantially higher indoors than outdoors. Carbon 
monoxide (CO) concentrations were slightly higher in¬ 
doors, whereas orone and nitrogen oxides were lower 
indoors than out. All other concentrations of commonly 
measured pollutants differed very little between indoors 
and outdoors. Similar findings were reported in a num¬ 
ber of published reviews of indoor/outdoor pollutant 
relationships.* * 7 


► 

gnvirorvnemai Tobacco Smoke as a C o mponent of Wow Air 
Quality 



Combustion byproducts produced by the burning of 
tobacco products include a wide range of chemical con¬ 
stituents: carbon monoxide, particulates, nitrogen ox¬ 
ides, aromatic hydrocarbons, acrolein, aldehydes (in¬ 
eluding formaldehyde), nicotine, nitroeamises, hydro¬ 
gen cyanide, and ketones/ * * The combination of the 
chemical constituents is referred to as environmental 
tobacco smoke (ETS). 

Many of the field studies of indoor air quality in public 
buildings provide data for comparisons of pollutant con¬ 
centrations measured in smoking and nonsmoking office 
buildings under normal oonditions of use and operation. 
Table 8 oomparee measurements taken in office areas 
where smoking waJT permitted with office areas where 
smoking was restricted. Table S, similar to Table 2. 
provides the number of measurements and the medians 
and ranges of concentrations found. 

Table 8 shows that several of the constituent by¬ 
products of ETS, including carbon monoxide, particu¬ 
lates, nitrogen oxides, aromatic hydrocarbons and al¬ 
dehydes, have been widely monitored in public buildings. 
Under normal conditions of ventilation and occupancy, 
the concentration of pollutants appears to vary little 
between office areas where smoking is permitted and 
where it is not. For example, in 209 measurements of 


office buildings, median levels of CO were 3.1 ppm in 

smoking-permitted areas and 3.4 ppm in smoking-re¬ 
stricted areas. For all practical purposes, these are 
identical concentration* In 101 measurement* id office 
buildings, median particulate concentrations actually 
were found to be the same (0.038 mg/m 3 ) for office 
areas where smoking was permitted and where it was 
restricted. 

The only contaminant for which median concentration 
varied significantly between office areas where smoking 
was permitted and where it was not was CO*. Although 
CO* is also considered a component of ETS. its main 
source by far is human metabolic activity* In 100 
measurements is office buildings, the median level of 
00* was found to be substantially higher in nonsmoking 
office areas (759.4 ppm) than in areas where smoking 
was permitted (506.5 ppm). With the exception of CO*, 
then, there does not appear to be a substantial difference 
te contaminant concentrations between offices where 
snoking is restricted and where it is not. Tbeee findings 
should not be confused with concentrations of tobacco 
by-products (ETS) measured in restaurants, bare, 
nightclubs, sport arenas, waiting rooms, crowded lob¬ 
bies, various modes of transportation, and experimental 
research chambers where very high rates of smoking 
often oombine with poor ventilation. When increased 
cigarette consumption is oombined with poor or no 
ventilation, levels of ETS constituent increase.* 10 

Norttmoktf Exposure to ETS in the Office 

A number of studies provide information on the rates 
of smoking and general smoking practices under normal 
working conditions, as well as the concentrations of 
particulates (total or respirable) in the building 
monitored* u,lt 13 (D. Sterling, personal communication. 
19S6. unpublished data, 1963 and 1965). Results from 




TABLE 3 

Companion of Pcrtutant Lev** m EkMO^ng* Wtw« Smoung i* PNrrrxnec ana Wrire Smoxmg I* Restncttd Prom 230 Studies Contained m B0*3*05 Performance 

Dstaoate 


RoSutant 

» . 


Smokmg Sacmmaq 


Smoking Restricted 

No of 

Measurements 

Meehan 

Range 

No O if 

Measurement* 

Median 

Rang* 

Aidehyoes* 

10 

NOT 

ND-0 03 mg/m 3 

— 

— 

— 

Amines 

6 

ND 

ND-404 ppp 

3 

ND 

ND 

Aromatic hydrocarbons 

112 

Trace 

-ND-12.5 mg/m 3 

6 

0.012 mg/m 3 

ND-104 mg/m 3 

Carbon dioxide 

94 

506.5 ppm 

ND-2300 ppm 

6 

759 4 ppm 

ND-2000 ppm 

Carbon monoxide 

194 

31 ppm 

ND-242 ppm 

15 

3.4 ppm 

ND-75 ppm 

Formaioehyde 

200 

0.016 ppm 

ND-0 6 ppm 

7 

ND 

ND-0.22 ppm 

Hydrocarbons 

124 

Trace 

ND-26 ppm 

5 

ND 

ND-Trac* 

N*cot me 

10 

8.5 *Q/m* 

ND-53 01 *g/m 3 

— 

— 


Nitrogen oxides 

92 

ND 

ND-160 ppp 

5 

26 5 ppp 

ND-70 ppp 

Nitrogen dioxide 

43 

2 ppp 

ND-100 ppp 

2 

ND 

ND 

Ozone 

76 

ND 

ND-90 ppp 

6 

I8ppp 

$ ND-95 ppp 

Particulates 

81 

0.036 mg/m* 

ND-0 7 mg/m 3 

20 

0.036 mg/m 5 

0.014-0.32 mg/m 3 

S^rffur dioxide 

39 

ND 

ND-0 17 ppm 

1 

NO 

’ND 

Temperature 

106 

73*F 

ei^-SOB^F 

4 

74.5 # F 

72.75*-80*F 

Relative hurmdrty 

114 

38 1% 

4-74% 

4 

62.25% 

- 16-72% 


• Not inducting formaldehyde, 
t ND, nondetectawe tevet 
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*»C dur»nf 10 ^ udj## provide similar data showing a 
!•**>• **** , io particulate concentration! measured 

work sites of 0.003 mg/m’/cigarette, with a range 
of OOOC to 0.0035 mg fm ’/cigarette. Both »tudie« »how 
particulate concentration! again declining at the ces¬ 
sation of smoking- Although smoking thus incr ease s 
particulate concentrations, the slight increase does not 
Appaar to significantly influence the average indoor 
concentrations under normal ventilation practices. 

Zs addition to the relative contribution of tobacco 
smoke to indoor air pollution, data are now available to 
determine the proportion of office occupants who are 
nonsmokers and the proportion of theee nonsmokers who 
are actually exposed to ETS. Data from the National 
Health Interview Survey (NHIS) in the United States 
and the Canadian Health Survey (CHS) show that ap¬ 
proximately 70% of people in white-collar occupations 
in North America are nonsmokers. 14 ** Other research 
has estimated that'less than half of nonsmokers are 
actually exposed to ETS in their workplace. 14 17 

Overall, the available data from r es ea rch in the mod¬ 
ern office environment show that, despite an appreciable 
number of smokers in offices, the presence of ETS does 
not significantly increase the indoor concentration of 
pollutants under normal conditions of building ventila¬ 
tion. 


BuiWin$~Rstated ifoets and index* Air Duality 


Within the last decade, health and comfort complaints 
among occupants of modern, sealed office buildingi re¬ 
lated to indoor climatic conditions have been reported 
for hundreds of buildings throughout North America 
and Europe. 1# The typ>es of complaints are surprisingly 
similar and range from headache and eye irritation to 
Reproductive system and pregnancy problems. These 
symptoms are often associated with uncomfortable en¬ 
vironmental conditions such as the air being too cold or 
too dry. work sites being too drafty or too stuffy, and 
the presence of odors in the work site. Buildings with 
such problems are now popularly referred to as sick 
buildings, and the epidemic of complaints from occu¬ 
pants of these buildings has been defined by the World 
Health Organization as sick building syndrome, 19 but is 
better known as building illnass. The broad spectrum of 
indoor air quality or, rather, indoor sdr pollution has 
been considered by many researchers to be the principal 
cause of symptoms and thus has been monitored care¬ 
fully where problems occur. 

Since 1978, the US National Institute for Occupational 



S*f«ty and Health (NIOSH) has conducted more than 
&50 investigations of buildings with health and comfort 
problems. The findings from 903 of these investigations 
undertaken through 1983 were reviewed and tabulated 
by the Health Hazard Evaluation Branch of NIOSH. 90 
Table 4 lists the suspected causes of the indoor air 
quality problems documented through 1963. Cigarette 
smoking was suggested as a suspected cause in only 2% 
of the investigations. By far the most prevalent problem 
was that of inadequate ventilation, with nearly half 
(48.3%) of the investigations attributing indoor air 
quality problems to this factor. Ventilation is deemed 
inadequate when the amount of fresh (outside) air is 
insufficient to dilute the level of indoor contaminants 
Ventilation standards, in fact, specify minimum levels 
of fresh air reaching occupants. The most common cause 
of inadequate ventilation is the diminished intake of 
freeh air into the air circulation system, usually to 
eonserve energy and save on oost of building operation. 
(In cold areas, intaks air has to be heated and, in hot 

TABLE 4 

Suspense Causes c* Pr o ONK ns From Hssffr Hazard Evaluate franc* 
National tnsmuit for Oca-patcnai Ssftry kc Hsifm* 



No. 

% of 
Total 

inadequate veottfatoo 

98 

48 3 

Contamination (nsOe) 

36 

17 7 

Contamination (outside) 

21 

10 3 

Hurmdrty 

9 

4 4 

Contamination (bu4dmg fabnc) 

7 

34 

Hypersensitivity poeumonrtis 

6 

3,0 

Cigarette smoking 

4 

2.0 

Ncxse/>fiuminat>on 

2 

1.0 

Scathes 

1 

0.5 

Unknown 

19 

94 

Total 

203 

100.0 


* Adapted from Mei.us el si. 1964 K 


TABLE 5 

tec Causes of Proo*ems From Hearr* anc Warfare Canaca Mecca 
Services franc* Indoor A* QuJhty hivest 19atons* 


No 


inadequate ventilation 

Poor Sir Ctrcut!tton 

inadequate outdoor air (CO 3 > 800 

ppm) 

Poor temperature/hum«d<ty control 

Outdoor CO nttmtnanr 
Reentry of budding exhaust 
Motor veheie exhaust 

Indoor contaminant 
Copy machines 
Tobacco smoke 

Bu*i&ng fabric 
Gkjes ana adhesives 
Formaldehyde and orgarwes 

Bicrfogcai contaminants 

No problem identified 

Tots! 


64 


14 

B4 


% of 
Total 


68 


10 


15 

100 


• Adapted from KtrXpnde 1985 
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intake bu to be cooled.) Other cause* are mal¬ 
function* of airflow mechanism* or stratification of air. 
a condition in which a large part of the fresh circulated 
air travels along the ceiling and fails to mix fully with 
air at the breathing zone.*’ Varied contaminant sources 
from inside or outside were the cause of problems in 
30% of the investigations. Many of them related to poor 
designs of ventilation systems (such as air intake and 
infiltration from garages or congested traffic areas). In 
10 % of the investigations, the causes of problems were 
determined as noise, illumination, or humidity. For the 
final 10% of the investigations, causes could not be 
determined. A similar distribution of causes of indoor 
air quality problems' was determined by a more recent 
investigation by NIOSH of another 150 buildings (J. 
Carpenter, personal communication. 1966). These find¬ 
ings agree with a review of apparent causes of building 
illness by the staff of Health and Welfare Canada 
(HWC).** 43 HWC is engaged in a health hazard evalu¬ 
ation progran that now includes indoor air quality. A 
recent review of 94 building investigations (see Table 
6 ) finds problems with the ventilation system in 64 
instances, reentry of building or entry of motor vehicle 
exhaust in nine cases, combined problems witb photo¬ 
copy machines and tobacco smoke in five cases, and 
emissions from glues and adhesives in two instances. 

Overall, results 5*on the investigation of health and 
comfort complaints in sick buildings indicate a wide 
range of contributary causes of indoor air quality prob¬ 
lems. Findings have not shown a consistent association 
between ETS and so-called sick buildings. By tar. the 
most pervasive and consistent cause appears to be in¬ 
adequate ventilation. 

Conclusions 

A commitment by governments and professionals in¬ 
volved in the building process, building owners and 
operators, and office worker unions to improve the air 
quality in modern sealed office buildings is undoubtedly 
a worthwhile and well overdue objective. Tbe provision 
of clean air is technically achievable. Prohibiting smok¬ 
ing entirely or designating specific smoking areas is 
f pften proposed as an effective means to provide clean 
• air to office occupants. 

Although any smoking restriction could very well 
affect the prevalence of smoking a^nong office workers, 
prohibition of smoking has not been shown to have any 
measurable effect on either indoor air quality or asso¬ 
ciated health and comfort symptoms of sick building 
syndrome. Ventilation required to remove indoor con¬ 
taminants produced by the occupants themselves, spe¬ 
cifically CO* and body odor, will also remove the con¬ 
stituents of ETS. On the other hand, if adequate venti¬ 
lation rates are not provided, then indoor-generated 
substances and dusts and chemicals infiltrating the 
building envelope from outdoors increase in concentra¬ 
tion to unacceptable levels, even if ETS should be en¬ 
tirely absent. 

Designation of special smoking areas might remove 


multiple source* of irritation to smokers and non- 
smokers alike. On the other hand, the segregation of 
smokers to specially designated smoking areaj may have 
little effect and may well have undesirable impact* on 
ventilation performance. Concentrating smokers in des¬ 
ignated smoking areas may place an excessive local 
burden on existing ventilation systems—a burden with 
which they may not have been designed to cope. The 
result may well be that smoking office workers are 
expoeed to high levels of irritants for short time periods 
without any benefits accruing to their nonsmoking co- 
workers. To be of smy real use, specially designated 
smoking areas may require installation and operation 
ofhigher volume ventilation systems with more effective 
air cleaning devices and possible direct venting outside. 
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Penalty for Ovarconfidanea 


The wreck of the Titanic has at last been found. 560 mile# off the coast of 
Newfoundland and in 13,000 feet of water. ... 

The v%st luxury liner carried a load of millionaires and too few lifeboats. Its 
captain steamed it at full speed through an iceberg field of which be had been amply 
warned. Of 2,235 passengers and crew members, only 713 wore saved. 

.. .Gashed by an iceberg below the waterline, the ship ... sustained a mortal 
wound. The water flowed over the top of the transverse bulkheads supposed to 
divide her into watertight compartments Because the blow was so slight, and the 
officers gave no alarm, few passengers realized their danger. The ship's bow dipped 
gently into the water as the first lifeboats left, some half-empty. In one of them was 
my grandfather, a London high school teacher seeking fortune across the ocean. 

Rowing away from the ship, he wrote in his account of sinking, he could see the 
lines of porthole lights ablaze, but bizarrely meeting the water at an angle. Gradually 
the angle increased until the great ship, one-sixth of a mile long, stood like a ooiumn 
in the moonlit see. 

Thebe' was a rumble as machinery crashed through the bulkheads, and the lights 
flashed out. Those in lifeboats watched the huge black shape elide silently into the 
icy waters. Then came the screams of the drowning, piercing the air for 40 minute# 
until, one by one, they died away. 

The loss of the Titanic has served as a lasting reminder to the consequences of 
overconfidence 
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•Prom “The Editorial Notebook: The Titanic Lesson" 

e 

by Nicholas Wade in Th§ N*w York 7Ymes, 

Sept 4, 1965. 
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ENVIRONMENTAL TOBACCO SMOKE IN INDOOR AIR 


tltl* 


J.N.Lnttcr * RAm 


EVVW.Kirk, M.Hi 
Public Health Engineering. Imperial Colkge, Loodoo SW7 2BU, UK. 


ABSTRACT 

A nationwide survey of ETS has been undertaken in the UK. Three components of 
ETS f namely particulate matter, nicotine and carbon monoxide were monitored in 
nearly 3,000 location* over 30 min periods in travel, work, home and leiaure 
situations. Levels of the three components were generally low in comparison 
with UK Occupational Exposure Limits. In a follow-up study three methods of 
particulate measurement were compared in an intensive study of a few locations. 
It is concluded that MiniRAM particulate measurements with no impaction as used 
in the main survey are an over-estimate of true particulate levels. 


INTRODUCTION 

There are many sources of indoor pollutants (both gaseous and particulate) 
including the use of gas stoves and fires, coal, coke, and wood fires, house 
plants, cooking, cleaning, painting, and the adoption of a variety of household 
and office products including cleaning agents, glues, correction fluids, 

plastics and varnishes (1, 2). In addition, the simple act of movement 
resuspends particulate matter (3) whilst building materials and furnishings, 
especially when new, may release a variety of organic materials into the indoor 
atmosphere (4). Release of formaldehyde from cavity wall insulation, furniture 
and fabrics are all examples of such indoor air pollutants and are of 

considerable public concern. 

Of specific concern to some is Environmental Tobacco Smoke (ETS), which is a 
combination of sidestream smoke that is released from the cigarettes burning end 
end exhaled by smokers (5). The burning cigarette produces several thousand 

chemical compounds of which more than 3,800 have been identified (6). Cigarette 

smoke itself is an aerosol, consisting of s gaseous phase and a particulate 
phase with many of the chemical constituents being distributed between the two 
in a manner dependent upon their volatilities and solubilities (7). In the 
gaseous phase, the major constituents (by weight or volume) are nitrogen, oxygen 
and carbon dioxide, all normally present in the air. However, in the residual 
gases, apart from water vapour and the noble gases, carbon monoxide is present 
(approx. 4Z by vol) together with small concentrations of other gases such as- ^ 
iaoprene, acetaldehyde, acetone, hydrogen cyanide, toluene, acrolein and ammonia*^ 
(6). In the particulate phase the major components are nicotine and tar, theC^> 
latter being a complex mixture (7). 


Particulate matter can be derived from sources 
variety of combustion and condensation process*! 
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with particulate production. Iodee., these sources may originate fro® indoor or 
outdoor environments (9). Particulates may be classified according to their 
•ode of formation as dust, smoke, fumes, fly ash, mist or spray (10). 
Environmental tobacco smoke particles are thought to have a median particulate 
mass of less than 1 ya in diameter (11, 12) which may vary as a consequence of 
different smoke age and eovironaiental conditions (13). Particles of this sire 
are not efficiently removed by such processes as sedimentation or impaction and 
hence remain in suspension, diffusion being the major removal mechanism although 
it is at its least efficient in the sire range being considered here (8). 


Three main techniques exist for the determination of particulate matter, namely 
gravimetric (filtration), pieroelectric balance (electrically charged particles 
are precipitated onto a vibrating quarts crystal changing its vibrational 
frequency in proportion to the deposited mass), and light scattering in the 
presence of particulates. The gravimetric technique is regarded as the 
reference technique but is unsuitable for use in widescale routine monitoring. 
Pieroelectric balance equipment is also impractical to use for large scale 
surveys due to its intrusive nature. The WiniRAM, relying on light scattering, 
is ideal for large surveys but is known to over-estimate particulate levels in 
ambient atmospheres containing ETS (14). 


The aim of the study reported here was to examine the distribution of three 
representative components of ETS, namely particulate matter, carbon monoxide and 
nicotine, in a nationwide survey of smoking and non-smoking indoor atmospheres 
in the UK. A follow-up study compared the three principle techniques of 
determining particulate matter in selected environments together with the 
determination of the ETS marker, nicotine, to aid tbe interpretation of the 
nationwide survey. 


MATERIALS AND METHODS 


Study Desi 


For the 30 week field survey, the UK was divided into three major regions with 
roughly equivalent populations. Thirty sampling areas were derived from the 
most recent government statistics (15) by a market research group (MAS Survey 
Research Ltd., UK) with the number of sites in each region reflecting the 
population size. The areas sampled were selected to represent geographical, 
urban and social status within each region. 

Monitoring was distributed between four situations, home (19Z), work (25Z), 
leisure (27Z) and travel (29Z). Routine air sampling procedures were performed 
by Hazleton Laboratories UK Ltd., (HUK) and were periodically verified by 
Imperial College staff using field sample cross checks. Each site was sampled 
over a 30 min period during each 10 week phase. Tbe sample collection 
operatives were graduates employed by HUK and were rotated to a different region 
for each 10 week phase. 

Homes were randoemly pre-selected by MAS Survey Research Ltd., based on urban 
and social status after re-classification by local authority area, whereas work 
locations were chosen using a quota system. The quota system was determined by 
type and site (number of employees) of business reflecting the typical business 
at any location. Leisure and travel situations were identified and sampling of 
these was arranged around work and home samples. A balance of timing with 
respect to days of the week, start times, and times of the year was arranged to 
enable coverage of the spectrum of everyday environments. Smoking and 
non-smoking situations were sampled; the reported absence of smoking two hours 
prior to sampling determined a nor.-smoking location. 
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Subsequently, twelve follow-up site* were investigated, each for approx 
10 far* duration in five specific types of environment 'Table I). 


TABLE 1 : Details of sampled environments in the follow-up study 


SITE 


NUMBER 


10 


11 


12 


Office 


Office 


Office 


Office 


Bar (1) 
Bar (1) 
Bar (2) 
Bar (2) 


Flat 


Flat 


Workshop 

Workshop 


TIME 

START 

FINISH 

08.30 

18.30 

08.30 

18.30 

09.00 

19.00 

09.00 

19.00 

11.15 

20.45 

12.30 

22.00 

12.15 

22.00 

12.00 

22.00 

09.30 

19.30 

08.30 

18.30 

09.30 

21.30 

08.30 

20.30 


SMOKING 

STATUS* 


VENTILATION 


DURATION 
hr s 


10.0 

10.0 

10.0 


NS 


NS 


10.0 


9.5 


10.0 


9.75 


10.0 


10.0 


10.0 


12.0 


12.0 


natural 


natural 


natural 


natural 


natural 


natural 


natural/forced 


NS 


NS 


NS 


NS 


NS - non-smoking 


S - smoking 


Equipment Selection and Analytical Procedures 


The equipment was portable, robust and reliable, and capable of discreet 
operation to avoid abnormal behaviour patterns during the field sampling. A 
MiniRAM PDM-3 particulate monitor equipped with a flow through cell (GCA Corp., 
USA) with no impactor, was interfaced to a Squirrel data logger (Grant Inst. 
Ltd., UK), storing the psrticulate date every 2 mins for the duration of each 
30 min sampling period. Air flow was maintained by an Alpha pirnsp (DuPont Ltd., 
USA) operating at 0.015 m 3 h“l. Concomitantly, a second Alpha pump draw air at 
0.006 m 3 vis a Perkin Elmer ATD50 stainless steel sampling tube containing 
200 mg of Tenax TA (Chrompack Ltd., UK) for the collection of nicotine and then 
through a carbon isonoxide dosimeter (General Electric 15, ECCSICO 2 ; MDA 
Scientific, UK), the latter also being connected to the Squirrel logger. 

During the follow-up monitoring detailed particulate matter data was obtained 
over longer periods using three different techniques. Gravimetric data was 
obtained by drawing air at 28 1 min“^ through a pair of 47 mm, 0.5 \s& pore size 
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PTFE membrane filter* (Amicon Ltd., UK) connected in parallel using a double 
headed diaphragm pump (Charle* Austin Ltd., UK) fitted in a sound proof 
ventilated wooden enclosure. Filters were preconditioned by drying in a 
dessicator to constant weight. Following sampling, filters were similarly dried 
prior to reweighing. Simultaneously, particulate matter was determined using 
three MiniRAM monitors, two of which were fitted with particle iapactors (TSI 
Inc., UK) to remove particles with nominal diameters of 3.5 ym and 1.0 y* 
respectively when operated at 2.0 1 min”* (11), the third having no impactor. 
Each MiniRAM was teroed prior to each sampling period using a 0.5 ym membrane 
filter inline, checked and rereroed periodically as required. To determine the 
relative response of each MiniRAM, the three were connected in parallel with no 
impactora in a number of laboratory experiments in a controlled environment. 
MiniRAM results are corrected to give equivalent response. 

An additional particulate monitor, a Model 3500 Piexobalance Respirable Aerosol 
Mass Monitor (TSI Inc., UK) was operated using a 2 min integrated monitoring 
time to coincide with MiniRAM readings (12 readings for each MiniRAM taken using 
10 sec integration tiroes). An impactor with a 3.5 y» cut-off was an integral 
part of the pierobalance • The piezoelectric crystal in the monitor vat cleaned 
with detergent and distilled water in accordance with the manufacturers 
instructions prior to each reading. Cleaning with dilute ammonia was found to 
be necessary after sampling in some locations to maintain the frequency of 
oscillation near to the baseline frequency. MiniRAM and pierobalance readings 
as described above were taken every 15 min for the duration of the follow-up 
monitoring periods. 

nicotine samples taken during the follow-up study were obtained over hourly 
periods and composite samples were collected over each complete sampling period. 
Nicotine collected on the ATD 50 Tenax sampling tubes were analysed using 
'2-stage thermal desorption using s Perkin Elmer ATD50 linked to s Perkin Elmer 
8320 capillary column GC with a flame ionization detection (16). An air volume 
of 15 1 was sampled for the hourly and period samples in the follow-up st udy 
giving s detection limit of 0.8 yg a” 3 compared with a detection limit of 
13.6 yg m~ 3 in the nationwide field survey. 

Statistical analysis of the main field study was undertaken on the Imperial 
College mainframe computer. For the follow-up study an Apple Macintosh SE was 
used running Statsworks TM software. 


RESULTS AND DISCUSSION 

Laboratory studies of ETS using simulated ’real-life 1 conditions are intended to 
overcome the inherent problems associated with sampling uncontrolled 
environments in field sampling. However, experience has shown that such 
controlled experiments cannot substitute for ETS data acquired directly in the 
field. No previous study has attempted this on a large scale; most hive 
considered relatively small m»bers of samples in a small number of 
environments. 
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Summary data for the complete 30 week field study is included in Table 2, which 
presents indoor air exposures under a variety of activity modes. In the table a 
smoking sample is one in which smoking is known to have occurred during sampling 
or within the two hours prior to sampling. Collected date from the field study 
were grouped by site and location. Although approximately 502 of the 29X2 
samples were classified as smoking, imbalances between smoking and non-smoking 
situations were evident. For example, 392 of office samples were classified as 
smoking compared with 902 of those taken in restaurants. Overall, higher 
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ACTIVITY 

TEMP 

t.I. 

CO(pprn) 

TPM(mg/m->)* IIC07INE(yg/ 



C 

2 

SM(T) SM(Y) 

SM(N) 

SK(T) 

SN(Y) 

SM(N) SM(T) SM(Y) 

SN(N) 

TRAVEL KEAN 

20 

44 

2.S 2.9 

2.7 

.42 

.79 

.42 17 

24 

7 

SO 

5 

S 

2.8 2.5 

3.1 

.44 

.75 

.36 31 

40 

4 

nix 

1 

22 

.0 .0 

.0 

.00 

.00 

.07 7 

7 

7 

MAX 

34 

75 

17.4 13.1 

17.4 

4.98 

4.98 

1.83 414 

414 

42 

DATA 

545 

308 

518 263 

235 

538 

297 

241 544 

313 

251 

SOU KtAI 

20 

45 

2.1 2.2 

2.1 

.41 

.41 

.31 10 

14 

9 

SO 

4 

9 

2.7 3.3 

2.4 

.42 

.59 

.26 12 

18 

7 

MU 

S 

23 

.0 .0 

.0 

.00 

.07 

.00 7 

7 

7 

MAX 

30 

75 

31.9 31.9 

21.9 

5.78 

5.78 

2.20 167 

167 

99 

DATA 

723 

721 

471 221 

450 

704 

224 

480 733 

233 

495 

SOKE ME A* 

20 

46 

1.9 2.3 

l.S 

.36 

.70 

.27 10 

19 

8 

SO 

3 

9 

2.3 2.9 

2.1 

.36 

.52 

.23 17 

33 

4 

MIN 

10 

5 

.0 .0 

.0 

.00 

.07 

.00 7 

7 

7 

MAX 

30 

71 

26.2 26.2 

25.4 

3.15 

3.15 

2.05 292 

292 

82 

DATA 

766 

763 

686 139 

549 

746 

156 

592 774 

162 

612 

LEISURE ME AM 

20 

45 

2.7 2.8 

2.2 

.84 

.91 

.33 20 

22 

8 

SO 

3 

S 

2.7 2.7 

2.6 

• 82 

.15 

• 26 29 

31 

6 

KIN 

S 

17 

.0 .0 

.0 

.0? 

.07 

.07 7 

7 

7 

MAX 

32 

75 

28.7 28.7 

18.9 

4.22 

6.22 

1.24 450 

450 

46 

DATA 

819 

578 

760 676 

104 

811 

703 

108 841 

729 

112 

TOTAL MEAN 

20 

45 

2.4 2.7 

2.1 

56 

.81 

.31 14 

21 

8 

SO 

4 

9 

2.7 2.8 

2.5 

.63 

.77 

.27 24 

32 

6 

MIN 

1 

5 

.0 .0 

.0 

.00 

.00 

.00 7 

7 

7 

MAX 

34 

75 

31.9 31.9 

25.4 

6.22 

6.22 

2.20 450 

450 

99 

DATA 

2853 

2370 2657 1319 

1338 

2601 

1380 

1421 2912 

1442 

1470 

NOTE *: Particulate 

matter 

measured by 

Mini RAM 






+*: Nicotine data below detection 

limit included 

at 6.1 

NS**" 3 



Pereeotilea for 30 week study 







PERCENTILES 


CO(ppm) 

TPMCmg/m-J 

) 

NICOTINE(wg/m 

*>• 


W(T) 

SM(Y) 

SK(N) 

SXCT) 

RMCY) 

SM(N) 

SM (T) 

SMCY) 

SK(N) 

MINIMUM 

.0 

.0 

.0 

.00 

.00 

.00 

I.D 

N.D 

N.D 

012 VALUE 

.0 

.0 

.0 

.07 

.07 

.07 

S.D 

N.D 

N.D 

052 VALUE 

.0 

.0 

.0 

.07 

.15 

.07 

N.D 

N.D 

I.D 

102 VALUE 

.0 

.0 

.0 

.15 

.22 

.15 

8.0 

I.D 

I.D 

252 VALUE 

.5 

.8 

.3 

.22 

.37 

.15 

N.D 

N.D 

I.D 

502 VALUE 

1.9 

2.1 

1.6 

.37 

.59 

.22 

I.D 

N.D 

I.D 

752 VALUE 

3.4 

3.1 

3.1 

.66 

1.02 

.37 

S.D 

23.3 

I.D 

SO 2 VALUE 

S.f 

4.2 

3.5 

• 81 

1.17 

.39 

15.2 

28.4 

I.D 

•02 VALUE 

5.1 

5.4 

4.5 

1.24 

1.41 

.59 

30.7 

41.5 

I.D 

♦52 VALUE 

4.8 

7.2 

$.9 

1.68 

2.42 

.18 

49.8 

74.4 

16.4 

♦92 VALUE 

11.5 

12.4 

11.5 

3.07 

3.81 

1.46 

112.4 

146.0 

36.1 

MAXIMUM 

31.9 

31.9 

25.4 

4.22 

4.22 

2.20 

449.9 . 

649.9 

98:5 

DATA 

2657 

1319 

1338 

nor 

1380 

1421 

2912 

1442 

1470 


Particulate matter measured by MiniRAM 
77.52 of the nicotine data are below 


limit 


ID: 

KEAN: 

DATA: 

W(T) 

»(T> 

WOO 


an 


Standard deviation 
Arithmetic 
lumber of 

Combined 
Smoking ait 
■otv-amoking 


iag and 
cions only 

itaacioea i 


situations 
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incidence of rooking occurred in cravr* end leisure situations, the converse 
being true for work end hones. 

During the field study, for eech clessif icetion of travel, work, hotoe end 
leisure, with the exception of travel by cer and walking, MiniRAM measurements 
were observed to be greater in rooking situations than non-smoking ones 
(Figure 1). Differences between smoking end non-smoking MiniRAM total 
particulate matter values were observed in pubs, trains, buses, offices end 
restaurants (Figure 1). Overall MiniRAM values in non-smoking situations were 
0.3 mg m~3 except for travel which was 0.4 mg m“3. Where smoking occurred the 
mean MiniRAM particulate level was between 0.6 and 0.9 mg m~3 the highest levels 
being associated with leisure situations. 

Over-estimates for MiniRAM particulate data have been reported in the literature 
(14). When considering the particulate levels as measured by the MiniRAM, the 
relationship between the various techniques of measuring particulate matter must 
be considered. Since the light scattering effect is dependent upon particulate 
sire and reflectivity it is apparent that the results obtained using the MiniRAM 
in the main survey are subject to a correction factor the magnitude of which is 
likely to be affected by the particular environment being sampled. A summary of 
the results obtained using the various methods of particulate monitoring in 
specific environments is included in Table 3. An examination of 15 min values 
applying the Rolmogorov-Smirnov test demonstrated that the individual tampling 
data sets were not normally distributed, although so examination of all the data 
for a particular set of conditions (e.g. pierobalance data for Sites 1 to 12) 
showed these data seta to be one tail of the normal distribution 'bell shape ’. 
Therefore the Wilcoxon Signed Rank teat was applied to the paired non-parametric 
data aeta to compare the various MiniRAMS with the piezobalance response in the 
12 tests. Nearly all the responses were highly significantly different (P-O.Ol 
or lower) with a few exception* in the non-rooking low particulate level sites. 

It is apparent from Table 3 that the ratio of response when comparing the 
MiniRAM (with no impactor) as used in the field study, and the gravimetric data 
varies greatly in the different environments. The highest ratio of 4.8 was 
found in Che bar while the lowest, 0.36 was observed in the workshop. It is 
evident that the nature of the particulate matter in theae two environments is 
quite dissimilar. The mean ratio for all twelve locations was 2.0 with a 
standard deviation of 1.2. In contrast a comparison of the piezobalance and 
gravimetric data gave an overall ratio of response of 0.82 with a standard 
deviation of 0.38 (Table 3). Considering the intermittent nature of the 
piezobalance (and MiniRAM) data in comparison with the integrated nature of the 
gravimetric data an identical 1:1 relationship would not, however, be expected. 

Therefore, on the basis of the follow-up study, it may be concluded that the 
MiniRAM with no impactor, as used in the nationwide field survey, over-estimated 
the particulate matter concentration by on average a factor of 2.0 compared with 
gravimetric data and 2.5 compared with piezobalance aw-asuremen ts. Taking the 
factor of 2.0 into account, the corrected mean particulate levels in each of the 
rooking locations in the nationwide survey, may be compared with the corrected 
non-smoking situation (shown in brackets); travel 0.40 (0.21) mg m~3, work 0.30 
(0.16) mg m"3, home 0.35 (0.14) mg m“3 and leisure 0.46 (0.17) mg m"3. These 
corrected results are comparable with previous findings. Repace and Lowrey (17) 
reported mean particulate levels between 0.09 and 0.11 mg tb~ 3 four 
reataurants and between 0.09 and 0.70 mg m”3 £ n public buildings, while Weber 
and Fiacher (18) found a mean particulate level of 0.13 mg in 44 offices 
with a range from 0 01 to 1.13 mg Sterling et_ al. # (9), however, reported 
m somewhat lower mean particulate level of 0.038 mg m"*^ - (o»8l, range * 
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TAItK 3 


uMiry of results for i*>plid anvtronisants in the follow-up study 


flTK 


SMOKING 


MiniRAH PARTICULATE 

HATTER (mg nT*) _ 

NO 3.5 p» 1.0 Via 

IMPINCER cut-off cuT-orr 


I. Office 


NS 


Offica 


NS 


0 . 12 * 

(0.06)** 

0.05 

(0.03) 


0.05 

(0.03) 

0.06 

(0.06) 


0.09 

(0.06) 

0.02 

(0.03) 


PIEZOBALANCE 
(*a ■>“*) 
3.5 pa* 
CUT-OFF 

0.06 

( 0 . 02 ) 

0.05 

( 0 . 01 ) 


CRAPIHETRIC 

(mg »-*) 


0.07? 


NICOTINE 

_ (ut «~ 3 ) 

HOURLY PER100 

SAMPLES _ SAMPLE 

1 . 0 * ( 0 . 1 )** 1.2 


0.044 


1.2 (0.3) 


0.1 


3. 

Offica 

S 

0.24 

(0.27) 

0.28 

(0.30) 

0.23 

(0.26) 

0.11 

(0.06) 

0.120 

9.7 (14) 

5.7 

4. 

Offica 

S 

0.26 

(0.20) 

0.26 

(0.21) 

0.25 

(0.19) 

0.10 

(0.05) 

0.117 

2.2 (2.3) 

3.3 

5. 

ter (1) 

1 

0.14 

(0.17) 

0.11 

(0.15) 

0.06 

(0.10) 

0.07 

(0.05) 

0.109 

• 

4.7 (4.2) 

4.0 

4. 

ter (1) 

«■» «g^ gte ags g| 

s 

0.30 

(0.24) 

0.35 

(0.25) 

0.27 

(0.24) 

0.07 

(0.04) 

0.130 

1.5 (4.7) 

6.1 

7. 

lar (2) 

S 

0.40 

(0.46) 

0.41 

(0.51) 

0.35 

(0.43) 

0.15 

(0.11) 

0.063 

7.2 (5.4) 

5.1 

1. 

ter (2) 

s 

0.32 

(0.43) 

0.39 

(0.54) 

0.34 

(0.49) 

0.01 

(0.06) 

0.155 

13 (17) 

12.0 

f. 

Flat 

NS 

0.20 

(0.05) 

0.2? 

(0.06) 

0.22 

(0.09) 

0.05 

(0.02) 

0.069* 

6.3 (1.9) 

<0.0 

10. 

Flat 

NS 

0.15 

(0.43) 

0.11 

(0.51) 

* 

0.12 

(0.39) 

0.06 

(0.12) 

0.069* 

5.7(-) 

5.4 


11. Workshop 


NS 


12. Workshop 


NS 


0.04 

(0.03) 

0.14 

(0.33) 


0.04 

(0.03) 

0.10 

(0.29) 


0.01 

( 0 . 01 ) 

0.05 


0.05 

( 0 . 02 ) 

0.06 

(0.07) 


0.110 


2.3 (0.7) 


1.6 


0.140 


1.6 (0.7) 


1.5 


NI - son-two king; S ~ smoking; * - assn; ** - standard deviation;♦ - data obtained ovar both period*. 
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WD-0.7 mg m“3) in buildings where smoking vet permitted and a mean of 
0.038 b *~3 (n*20, range - 0.014-0.32 »g m”3) where smoking vai restricted. 

Ill particulate concentrations in the nationwide survey were below the 'total* 
dust Occupational Exposure Licit (OEL) of 10 ag a"3 (set for an 8 hour period), 
and assuming a correction factor of 2.0 on average, all were also below the OEL 
of 5 ag b“ 3 *et for ‘respirable dust’ set by the UK Health and Safety Executive 
(19). Furthermore, 952 of all survey samples were less than 92 of the ‘total’ 
dust OEL and 952 of all smoking samples would be less than 122 of the OEL. 
Statistically higher levels of MiniRAM particulate matter were observed in the 
smoking environment compared with the non-smoking, for each of the four activity 
types. 

The observed behaviour of occupants in the office environment in the follow-up 
study enables a direct comparison between smoking and non-smoking to be made 
(Figure 2). Vhen smoking was not occurring, all the methods of particulate 
measurement found levels below 0.22 mg m“3 with 15 min fluctuations remaining 
relatively small during both experimental periods. In contrast, when smoking 
occurred, marked fluctuations were ^observed during the sampling period. This 
was particularly evident for the MiniRAM data regardless of the presence of 
absence of impactors (Figure 2). Particulate levels in the bars exhibited 
significant peaks associated with the hours of opening and hence the times of 
ETS exposure and the preparation of cooked snacks (Figure 3), while operation of 
a specific milling machine in the workshop produced comparable levels of 
particulates (Figure 3). 
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Correlation coefficients between the 15 min MiniRAM values and pitrobalance 
results in the follow-up study were generally highly significant (P-0.01 or 
lower) with the exception of the non-smoking office locations (Site 1 and 2) and 
the non-amoking flat (Site 9). In particular in the case of Sites 1 and 9 no 
significant correlation was evident between the pierobalance results and the 
MiniRAMS with 3.5 ym and 1.0 ym impactors. It should be noted that the MiniRAMS 
had a readout resolution of 0.02 mg m“3 on the digital display and a precision 
and stability of ± 0.02 mg m~3 over the 2 min aampling periods. The gravimetric 
particulate determination* obtained in locations 1,2 and 9 were the lowest 
observed in the follow-up study. The effects of auch discrete data in 
combination with instrumental variation would be expected to be most significant 
at low particulate levels. 


More directly comparable in terms of assessing differences between the methods 
of determining particulate levels is the MiniRAM with a 3.5 ym impactor and the 
piezobalance which has a 3.5 ym impactor at an integral component. The relative 
response when comparing these two methods in the follow-up study was on average 
2.0b witn a atanaaro oeviatiou of 1.59. The highest ratios wer'e observed in the 
bars and the lowest in the non-smoking workshop and flat. Since the ptrtieolate 
size of ETS is generally thought to be leas than 1.0 ym, the MiniRAM with a 
cut-off at 1.0 ya would be expected to indicate the presence of smoking when for 
example, it is expressed at a proportion of the MiniRAM response with a cut-off 
at 3.5 ym. Indeed the lowest ratios of 1.0 : 3.5 ym MiniRAMS were observed in 
non-smoking locations and in general the highest ratios were in smoking 
locations, although the highest ratio which was inexplicably greater than unity 
was observed in the non-smoking office (Site 1 on Table 3). The mean response 1 
of the 1.0 ym cut-off MiniRAM relative to the 3.5 ym cut-off MiniRAM was 0.77 
with a standard deviation of 0.40, the lowest ratio being 0.25 for the 
non-smoking workshop. 

In calculating nicotine values for the nationwide field survey a value of Q© 
6.8 yg m~3 (i.e. half the limit of detection) was assumed whenever the nicotine 
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level wet below the limit of detection. It is likely that this led to an 
over—estimation of nicotine levels es more then 77Z of the nicotine samples were 
below detectable levels. Indeed, all of the period mean nicotine concentrations 
in the follow-up study would have been below the detection limit of the sain 
survey (Table 2). Furthermore, the measurement of nicotine concentrations in 
the flat in the order of 6 yg «~3 suggests the presence of interfering volatile 
organics as no smoking was known to have occurred in the flat for several months 
prior to sampling. The flat was of recent construction and the interference was 
assumed to be volatile emissions from building materials such as paint (20). 
In the nationwide survey a similar pattern emerged to that observed for 
particulate matter, with higher levels associated with travel and leisure were 
smoking occurred. The highest mean nicotine concentrations were observed in 
trains, buses and public houses classified as smoking locations (Figure 1). 
Overall, mean nieotine concentrations of 24, 22, 19 and 14 yg *~3 were found 
for travel, leisure, home and work smoking locations respectively compared with 
between 7 and 9 yg m~3 in non-smoking locations. 

Ho individual nicotine concentration exceeded the OEL set for occupational 
exposure to nicotine of 500 yg m~3, end 952 of all locations were below 102 of 
the 8 hour time weighted average OIL (19). Previous studies using field 
sampling have produced comparable nicotine concentrations to those reported 
here. Weber and Fischer (18) reported a mean nicotine concentration of 
1.1 yg m~3 in various workplaces (maximum 16 yg m~3, n*160) while Muramatan e_t 
al. (21) reported a mean nicotine concentration of 20.3 yg m~3 (maximum 
83 yg m~3, n*91) in work, leisure and travel situations. More recently, Haanond 
et al . (22) found a mean nicotine concentration of 5.1 yg m~3 (maximum 
41 yg m“3 # n»14) in railway workshops and 19 yg m“3 (maximum 48 yg m”3, n*10) in 
offices. In another survey of office environments, Sterling et aK (9) raported 
a median nicotine concentration of 8.5 yg ®~3 (maxiam 53 yg xT^, n*10). 

Mean carbon monoxide levels were not significantly different in smoking and 
non-smoking environments in the nationwide field survey (significance level of 
0.01, corresponding to an overall significance of about 0.05). The highest mean 
carbon monoxide values of 5 to 6 ppm, observed during car journeys, were 
independent of smoking. In non-smoking environments, carbon monoxide levels 
associated with travel were statistically significantly higher than for vork or 
home. Mo such differences were observed in smoking situations. 


Similar levels of carbon monoxide to those found in this study have been 
reported elsewhere (23). Mean carbon monoxide levels in both smoking and 
non-smoking offices have been recorded at 2.5 ppm, while carbon monoxide levels 
up to 21 ppm in bus garages, 69 ppm in car ferries and 68 ppm in warehouses have 
been noted (23). These data and others suggest that carbon monoxide levels can 
be appreciably affected by sources other then FT5. In the nationwide study 
reported here, 952 of all carbon monoxide concentrations were less than 152 of 
the 8 hour OEL set at 50 ppm in the Vt (19) and none exeetded it. 
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An extensive 30 week field survey has been carried out of the levels of 
particulate matter, nicotine and carbon monoxide in indoor environments 
throughout the UK. Borne, travel, vork and leisure environments have been 
exemined, with an approximately even distribution of measurements between 
smoking and non-smoking locations. When tbs results were classified according 
to activity, it was found that leisure and travel tended to be associated with 
higher levels than home or work. Overall no significant difference was found 
between smoking and non-smoking locations for carbon monoxide in each of the 
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four type* of situation*, but MiniRAM particulate and nicotine level* were 
higher in smoking situations. Results for non-smoking environment* showed that 
there are sources of particulate auitter and earbon monoxide aother than ETS. A* 
reported the amount* of the three component* in the field survey were generally 
low in comparison with UK OEL* and were often close to detection limits of the 
equipment u*ed. Taking the adjustment from the follow-up study into account, 
particulate level* were consistent with previous studies reported in the 
1iterature. 

A comparison of three methods for the evaluation of particulate matter, namely 
MiniRAM particulate dosimeters, piesobalance aerosol monitors and a gravimetric 
procedure in an intensive study of a small number of environments demonstrated 
that MiniRAM particulate monitors over-estimate the contribution of ETS to 
indoor particulate levels. This is likely to be related to the high reflectance 
of ETS particulates. nicotine concentrations determined in follow-up studies 
with an improved detection limit, were in general lower than those observed in 
the nationwide field survey. This suggests that the nicotine levels reported in 
the field survey were somewhat over-estimated, particularly for the non-smoking 
locations. 
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Estimation of Personal Exposure to Tobacco Smoke with a 

Newly Developed Nicotine Personal Monitor 


Motohixo Muxamatsu, Srrsuxo Umemuxa. Taxashi Okada, and 

Hjdeo Tomtta 

Peiettk institute. TV Jnpmn T#i*rr# A SsU P*bhc Cmrpontw*. W C /m e g tol * . 

Mkdor+4*. fetaA***. ******** 227. Jm* n 
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So roJuaif the actual level of cipotm aononoken vo tobacco smoke m their frvwy 
eti v fro nm c m t. a corn aim i personal Morutor of mcocine ^eeiTtc (or tobacco smoke hat 
brer hen loped The ale nor* pcrsooaJ monitor ccr mu of a sampkr tube comaming 4X5 
** of Uupon-Scottad wits silicon OV-Paod a portable sampiini pump with a mechaakal 
caw Birr for obuiftifti total sampling volume Using the personal Monitor studied to a 
•onamoier. ambient lucorine nt coiiceted m the sampler tube by towing ewnronmefital 
air at • constant ft©* rate for a maximum perio d of S k; The collected micotia* wa* desorbed 
by beaung and dtreciJj uantferrad onto a CC column with a earner pas The amounts of 
ax ro aoe anhakd b> pas sin smoking to various fcving environments were estimated so be 
in the range of 0.9*40 *ghr These knit art equivakat to the** fron the stun noktog 
of about 0 001*0.044 ordinary dpretus is I hr. 

INTRODUCTION 

In studying the influence of passive smoking. it it fundamentally important to 
determine the actual level of personal exposure of nonsmokers to tobacco smoke 
ir their usual living environments. 

In previous studies, the level of passive smoking has been evaluated on the 
basis of concentrations of (a) indoor air pollutants such as paniculate matter 19, 
20). CO (2. 5.9. 19. 20). and nicotine (2.1. 9, 20) measured at a fixed monitoring 
station, and Cb) some constituents in biological samples such as COHb (1, 6. 9. 
14, 15), blood and urinary nicotine (4, 6. 16), and urinary hydroxyproJine. HOP 
(12). However, these methods are not accurate enough to evaluate quantitatively 
the actual level of personal exposure to tobacco smoke, because (a) concentra¬ 
tions of paniculate matter. CO, COHb, and HOP are affected by other air pol¬ 
lutants as well as tobacco smoke; (b) inhaled nicotine is reduced by half in a short 
lime in the human body (13), though nicotine is specific for tobacco smoke; and 
(c) fixed monitoring does not entirely represent the actual level of air pollutants 
that people encounter in their daily lives. 

In the present work, a pocketabJc persona! nicotine monitor specific for tobacco 
smoke has been developed and applied tp the estimation of the actual level of 
passive smoking in the usual living environments. The results showed that the 
amounts of tobacco smoke inhaled by Donimokers were very small compared 
with those of active smokers. 
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MATERIALS AND METHODS 

Persona! nicotine monitoring system. The methods so far used fof the deter¬ 
mination of ambient nicotine (2, 3, 8, 18. 20. 21) are inadequate for the evaluation 
of personal .exposure to nicotine from the viewpoint of sensitivity and facility of 
measurement and portability of sampling device. The newly developed nicotine 
persona] monitor has overcome these defects as described below. 

The personal monitor consists of a sampler tube and a small, light-weight sam¬ 
pling pump (about >40 gl with a mechanical counter for obtaining total sampling 
volume. The personal monitor can be carried conveniently by a person throughout 
a sampling period. The details of the sampler ;ube art shown in Fig t. The 
sampler tube, made of Pyrtx glass (12 cm long, 6 mm i.d ). contains 450 mg of 
Unipon-S (60-S0 mesh) coated with 10 wt* of silicon OV-17 as a nicotine ab¬ 
sorbent. This absorbent was selected after several trials The sampler lube packed 
with the absorbent was aged at 31CTC for more than two days by passing nitrogen 
gas through the tube at 40 ml/min. 

Using the persona! monitor attached to a nonsmoker, ambient nicotine was 
collected on the sampler tube by drawing environmental air through the tube at 
a How ntc of 40 ml/min for a period of ! to I hr unless otherwise specified. After 
the collection of ambient nicotine, 5 pJ of «*propanol solution containing 400 ng 
of 7-methylquinoline (7-MQ) was iryected into the sampler tube as an internal 
standard Then, the sampler tube was placed in a cylindrical furnace heated at 
2&CFC and one end of the tube was quickly connected to the injection port of a 
gas chromatograph (GC) via a needle with a side hole and the other end to the 
carrier gas bypass shown in Fig 2. Passing the carrier gas through the sampler 
tube, collected nicotine and 7-MQ were desorbed and directly transferred onto a 
GC column. Thermal desorption was allowed to continue for 8 min, while the GC 4 
column temperature was held at 7CTC during the desorption period in order to 
trap and concentrate both nicotine and 7-MQ on the top of the column. During 
the first 3 min of thermal desorption a small amount of ammonia vapor was added 
three times in'.o the carrier gas by bubbling the carrier gas through 35 wtSfc am¬ 
monia water for 6 sec, once per min. The addition of ammonia vapor it effective 
for thermal desorption of nicotine and 7-MQ against the acidic pr o perty of Uni¬ 
pon-S. 

A Teflon sealing tape used to bring the needk and the sampler tube into tight 
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Fig. 2. $cbcm*uc diAgrur. at appAfntui far mctu r x wa i of am him i nicotic (H N 2 aaiei. Cl 4> 
w»y cock, O) rrtrrvMr far NK*OH. (4) *-w»> rock. (5) orcd k. (4) UAipkr tube. P> fctuer, (t) 
Ihcpnjocoupk. (9) u mperaiun rrfulaicr. (10) coiumo. (U) FTD. (12) kypwi 



conuct was treated at 32CTC before use until a (host peak attributable to the tape 
disappeared on the gas chromatogram. 

Cos ckromotozraphy. A Hitachi 663*30 GC equipped with a nitrogen-sen si live 
detector was employed under the following conditions. 

Column: 2 m * 3 mm i.d. glass column packed with Chromosorb W (AW. 
DMCS. 30- 60 mesh} coated with 10 wt* of PEG* 20m and 2 wt* of KOH. 

Column temperature; initially maintained at 7CPC for t min and then pro¬ 
gramed to 185*C at 46*C/min and maintained at 185*C until completion of elution. 

Detector and injection temperature; 300*C. 

Carrier gas: nitrogen; 40 mJ/min. 

Additional gas: nitrogen: 7.5 mi/min; air; 75 ml/min; hydrogen: 1.5 mi/min. 

Bead current; 1.55-1.60 A. 

The lime required for GC analysis per test sample is about 20 min. including 
the thermal desorption period Peak areas on the gas chromatogram were mea¬ 
sured with a digital integrator (Takedariken Inc. Co. Ltd., Model 2213). 

Cclibration carve. The calibration curve of nicotine was prepared by use of a 
series of «*propanol solutions containing widely different amounts of nicotine (0- 
100 tig/ml} and a constant amount of 7*MQ (80 fig/ml). After the injection of 5 
of each solution into the sampler tube, nicotine and 7-MQ were desorbed and 
directly transferred onto the GC column for analysis as described above. A plot 
of the peak area ratio of nicotine/7-MQ to the amount of nicotine gave a good 
linear line over a wide range of nicotine from 0 to 500 ng. * 
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Personal.sampling pump . A MDA 808 (WDA Scientific Inc.) personal sampling 
pump was uved. The sampling volume per siroke of the pump was calibrated for 
the individual sampler tubes under actual operating conditions, using a gas flow 
B>eier (Shinagawi Keivoku Seisakuvho Inc., Model WK-0.5). 

RESULTS AND DISCUSSION 
Collect ion Efficiency of Ambient Sicotine 

The collection efficiency of ambient nicotine on the sampler tube was examined 
by drawing environmental air at 40 or 100 ml/min for S hr through the two sampler 
tubes connected in series. Table 1 shows the amounts of nicotine collected on the 
first tube. A. and the second lube. B, as well as the collection efficiency of 
ambient nicotine per sampler tube. The collection efficiency was calculated from 
equation (A - B) ; A by assuming that the amounts of nicotine collected on the 
individual sampler tubes connected indefinitely would be represented by a geo- 
*setnc progression. 

More than 9G.55& of nicotine was collected on the first tube regardless of sam¬ 
pling rate examined except for one sample, while the amount of nicotine collected 
on the second tube was negligibly small. 

Stability of Sicotine Collected on 5omp/er Tube 

After the injection of 5 pJ of «-propano? solution containing 100 ng of nicotine 
into the inlet portion of the sampler tube, nicotine-free air was passed through 
the tube at 40 or 100 ml/min for I hr to determine the stability of nicotine on the 
Absorbent during a sampling period. 

The results presented in Table 2 show that the recovery of nicotine after aer¬ 
ation is clove to 1009t regardless of aeration rale examined. 

In a separate experiment a sampler tube containing 100 ng of nicotine was 
purged with nicotine-free air or nitrogen ps and then stored for 4 or 7 days ai 
room temperature to determine the stability of nicotine on the absorbent during 
a storage period before GC analysis. 

The results summarized in Table 3 show no significant difference in the re co very 
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of nicotine among the samples stored for 4 or 7 days in different atmospheres. In 
any case the recovery is over 9S% in average. 

Such a high collection efficiency and stability of nicotine on the absorbent 
should be attributable to the acidic property of Uniport-S. 

Of sorption Efficiency of Sicotint from Sempter Tmbt 

A mixture of 100 ng of nicotine and 400 ng of 7-MQ dissolved in 5 pi of a- 
propanol was injected into the sampler tube and then directly desorbed onto the 
GC column by healing On the other hand, as a control experiment the same 
amount of the mixture was directly, i.e., not via sampler tube, infected into the 
GC column. In both experiments GC analyses were achieved under identical 
condition*. The recoveries of nicotine and 7*MQ thermally desorbed from the 
sampler tube were determined by comparing their peak areas with those of the 
control experiment. 

The results are summarized in Table 4. which shows that the recoveries of both 
components increased to over by the addition of a small amount of ammonia 
vapor in the initial period of thermal desorption. When no ammonia vapor was 
added, recoveries of nicotine and 7«MQ were reduced to about 15 and 957fc, 
respectively. Such improvement of thermal desorption efficiency by addition of 
ammonia vapor is also attributable to the acidic property of Unipon-S. 
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Influence of Sampling Rote on Measured Value of Nicotine Concentration 

Three person*! nicotine monitors were placed in the center of * closed chamber 
polluted with tobacco smoke. Nicotine was collected simultaneously tt three 
different sanplinj rates. 40, 100 snd 200 ml/min, for 15 min either with or without 
• forced wind from an electric fan. The amount of nicotine collected on each 
sampler tube was measured and corrected for respective sampling volume to 
obtain the nicotine concentration. The results shown in Table 5 art expressed as 
relative concentration, where the value obtained ai a sampling rate of 40 mLmin 
was taken as 100. 

Tkble 5 clearly shows that the measured value of nicotine concentration is 
independent of sampling rate whether there is a forced wind or not. For panicles 
larger than 1 m, the concentration in the sampling stream entering the sampling 
tube is dependent on the velocity ratio of the sampling stream to the environ¬ 
mental stream, when there is a velocity difference between the two streams O). 
However, since tobacco smoke panicles suspended in environmental air is gen¬ 
erally smaller than 0.5 (10). the nicotine concentration in the sampling stream 

should be essentially independent of the sampling rate and the environmental 
stream, as demonstrated in Table 5. 
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Changes u i Ambient Nicotine end particulate Matter Concentrations 

An example of chutes in concentrations of nicotine and paniculate matter 
measured at a fixed station in a ventilated office is illustrated in Ft* 3. Particulate 
matter was monitored continuously with a respirable aerosol monitor (17) and the 
average value in 15 min was plotted, while nicotine was collected at 30-min in¬ 
tervals at a sampling rate of 200 ml/min. The profile of change in nicotine con¬ 
centration was Cairty comparable to that of particulate matter. Nicotine and par¬ 
ticulate matter reached maximum concentration at the beginning of office hours. 

♦ 

Advantages of Nicotine Persona! Monitor 

The ran*e of accurate measurement of nicotine was from 5 to 500 ng per tam* 
pier tube. For example, if air samples art withdrawn at a rate of 40 ml/min for 1 
hr, the personal monitor is applicable to the measurement of ambient nicotine 
ranging in concentration from 2 to 200 pg/m*. This sensitivity is about 10-100 
limes as high as that of previous methods (3, II, 21) utilizing wet processes. Of 
course, sampling rate and/or sampling time should be changed according to the 
concentration of ambient nicotine. The other principal advantages of the monitor 
can be summarized as follows. 

(1) The monitor is lightweight, compact and pocketaWe. 

(2) The sampler tube can be reused after desorption of a test sample. 

(3) Direct thermal desorption of nicotine from the sampler tube onto the CC 
column simplifies and speeds up the analytical processes. 

(4) Since mo pretrtatment of analytical sample, except for the addition of 7- 
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feQ. is involved before CC analysis, the sample is free from possible coctami- 
•stion by nicotine from glassware, solvent, etc. 

B+oluation of Level of Passi\e Smoking in Various Living Places 

Using the personal monitor attached to a nonsmoker, nicotine concentrations 
fe various living environments were measured. The results art summarized in 
'kbit 6. “Amount of nicotine inhaled per hour** shown in the fifth column was 
twimated by multiplying nicotine concentration by respiration volume, 0.41 mV 
fe- “Equivalent cigarettes smoked per hour“ shown tn the seventh column rep¬ 
resents the level of passive smoking based on the amount of nicotine inhaled. 
These values were obtained by dividing “amount of nicotine inhaled per hour*’ 
by the nicotine amount inhaled by active smoking of one ordinary cigarette, 0.9 
feg 

The concentration of ambient nicotine in various living environments was found 
to be in the range of 1.8 (in a laboratory) to 83 ng/m 3 (in a car) as far as we 
examined the matter. Therefore, the amounts of nicotine inhaled by passive 
Emokcrs in their living environments could be estimated to be in the range of 0.9- 
40 itghr. These amounts art equivalent to those inhaled by active smoking of 
about 0.001-0.044 ordinary cigarettes in one hour. Average amounts of nicotine 
passively inhaled in cars, tea rooms, and conference rooms exceeded 15 pj/hr. 
Yet. even in these instances, passive smokers will rarely inhale more than 45 pg,' 
hr of nicotine, corresponding to active smoking of about 0.05 ordinary cigarettes 
in one hour. 

Weber and Fisher (?0) found very low levels of nicotine of 0.9 ♦ 1.9 ng/m* on 
average in various workrooms. Hinds and First (8) measured nicotine coocentn* 
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tiocs ranging from 1.0 to 10.3 ng/m 1 in vinous public places and estimated that 
the do nsmoker mha3es tobacco smoke equivalent to active smoking of 0.001 -0.01 
CLSier cigsrcttes is one hour, Similarly Bad re ei ml. (2) found that indoor nicotine 
concentration* were mostly less than 50 ng/m\ 

The results shown in Table 6 are broadly consistent with those of Hinds and 
First, and Bad re et ml. Thus, the amount of tobacco smoke inhaled should be 
very much smaller for passive smokers than for active smokers, as previously 
pointed out by Kk>sterkOtter and Gono (II). 

Hugod et ml. (9) demonstrated that nicotine concentration exceeded 100 tag/m* 
in a closed, unventilated smoky room in which CO concentration was held at a 
high constant level of 20 ppm by intermittent addition of freshly generated smoke. 
According to their estimates, at even such a significantly higher level, passive 
smokers must spend 50 hours in the room to inhale the same amount of nicotine 
as is inhaled by the active smoking of one cigarette. Asano (1) estimated that a 
oonsmoker exposed experimentally to tobacco smoke produced by 10 cigarettes 
per hour in a poorly ventilated room will have blood COHb level equivalent to 
smoking of one cigarette in one hour. In both experiments, however, smoke 
concentration is unrealistically high and will not represent the level that non- 
smokers usually encounter in their living places. 
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Estimation of personal exposure 
to ambient nicotine in daily environment 


Motohiko Muramatsu 1 , Setsuko Uaemsn 1 , Xnnichi Fakui 2 , Tattuo Aral 2 , 
and Shiro Kira 2 

'Central Research Instirute. Japan Tobacco Inc., 6-2 Umegaoka. Midoriku. Yokohama. 
Kanaga^a 227 

*Jichi Medical School. 3311-1 Yakushiji. Minamikawachi. Kawichi. Tochigi 329-04. Japan 


Summary. To evaluate the actual exposure level of nonsmokers to environ¬ 
mental tobacco smoke (ETS) in their daily life, the exposure level of am¬ 
bient nicotine was measured with a nicotine personal monitor carried by a 
nonsmoker. Average exposure levels of nicotine, even in such smoky places 
as cars, coffee shops and pubs, were less than 45 fig/m 3 . As a result of all-day 
monitoring, the highest amount of nicotine inhaled in a day w?s estimated, 
in this study, to be up to 310 yg. equivalent to actively smoking 0.31 ordinary 
cigarettes. 

Key words: Passive smoking - Nicotine personal monitor - Environmental 
tobacco smoke (ETS) - Exposure level 


Introduction 

Several epidemiological studies have suggested a relationship between passive 
smoking and an increased risk of lung cancer [12]. However, one major dispute 
about these studies is the lack of measurement of actual exposure to ETS [7. 
10] When studying the health effects of passive smoking, it is important to de¬ 
termine the actual exposure level of nonsmokers to ETS in daily life. 

The exposure level to ETS has previously been evaluated by measuring con¬ 
centration of such constituents as nicotine, cotinine and COHb [e.g. 4-6. 8] in 
body fluids. Meanwhile, the authors have recently developed a convenient per¬ 
sonal nicotine monitor to estimate the exposure level of nonsmokers to ETS in 
the living places [9]. In the present work, by using the personal monitor carried 
by nonsmokers, exposure levels of nicotine in various daily environments and 
daily lives were measured. 


Materials and metin' ** 

The personal monitor consists of a sampler tube (Pyrex glass: 12-cm-long, 6-mm-i.d. \ and a 
small sampbr;* pump (-‘-out V- MP * Scientific Inc.. Model 808) fitted with a means of 
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measuring sampte volume. The personal monitor can be earned conveniently by a person 
throughout a sampling penod. The sampler tube contains 450 mg of Umport-S <60 to 80 mesh; 
Gts-kuro Kogyo Co.) coated with 4wt% of silicone OV-17 as a nicotine absorbent. Prior to 
the coating, the acidity of Unipon-S was adjusted with KOH to 30 to 70umol/g when calcu¬ 
lated according to the n-butylamme titration method [11] using methyl red as an indicator. 
The sampler tube packed w*'h the absorbent was aged at 31CFC for 15 h by passing nitrogen 
gas through the tube at 40ml/min. 

Ambient nicotine was collected on the sampler tube by drawing air through the tube at a 
flow rate of 40ml/min for a period of 1 to 8h. After collection. 5 *jl of n-proptnol solution con¬ 
taining 400 ng of 7-methylquinolinc (7-MQ) was injected into the sampler tube as an internal 
standard. Then the sampler tube was placed in a cylindrical furnace heated to 280*C and con¬ 
nected to a gas chromatograph (GC) with a nitrogen-sensitive detector. By passing the earner 
gas through the sampler tube, collected nicotine and 7-MQ were desorbed and directly trans¬ 
ferred onto the GC column (2m x 3 mm i.d. glass column) packed with Chromosorb W (AW. 
DMCS. 30 to 60 mesh) coated with I0wt% PEG-20M and 2 wt% KOH. The thermal desorp¬ 
tion was allowed to continue for 8rain, while the column temperature was held at 70*C in 
order to trap and concentrate both nicotine and 7-MQ on the top of the column. During the 
first 3 min of the thermal desorption, a small amount of ammonia vapor was added three times 
into the carrier gas by bubbling the carrier gas through 35wt% ammonia water for 6 s. once 
per min. The addition of ammonia vapor is effective on the thermal desorption of nicotine and 
7-MQ against the acidic property of Uniport*S. After the thermal desorption time, the column 
temperature was programed to 185*C at 46*C/min and maintained at 185*C until completion 
of elution. 

Both the collection and desorpt.on efficiencies of nicotine were nearly 100% (9). 


Results and discussion 


Figure 1 shows the average and standard deviation of personal exposure to am¬ 
bient nicotine in various places. The values in the offices, households and pubs 
are an average from an 8-h sampling period, and the remainder are from a 1-h 
sampling period. The “amount of nicotine inhaled** shown in this figure was 
estimated by multiplying the nicotine concentration by a respiration volume of 
0.48 m 3 /h. Then the “equivalent cigarettes smoked**, which represent the level 
of passive smoking, can be obtained by dividing the “amount of nicotine in¬ 
haled** by the nicotine amount (lmg) inhaled through active smoking from one 
ordinary cigarette. 

The average exposure level of nicotine in three ventilated offices. A, B and 
C. was in the range of 5.9 to 19.8 pg/m\ The nicotine inhaled is estimated to be 
in the range of about 2.8 to 9.5 pg/h. This value was calculated to be equivalent 
to the amount of nicotine inhaled through active smoking from 0.003 to 0.010 
ordinary rigarettes/h. 

Figure 2 shows the exposure levels measured over one week for three sub¬ 
jects, a. b and c at Office C with 72 m : of floor space. They were exposed to 3.0 
to 10.2 pg/m 3 of nicotine in their ventilated office, where 28 to 48 cigarettes had 
been smoked daily. The exposure level of Subject a always showed the highest 
level, indicating that the actual exposure to ET5 may differ with each subject, 
even in a small office. 

Exposure levels in coffee shops, pubs and cars, naturally influenced by the 
number of cigarettes smoked and the ventilation conditions, showed relatively 
high values (Fig. 1). Average exposure level of nicotine in such places was in the 
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range of 31.5 to 43.2pg/m\ However, even in these instances, a nonsmoker 
does not inhale more than 50pg/h of nicotine, equivalent to active smoking of 
about 0.05 dgarertes/h. 

The average exposure levels in the smoking seats and the no-smoking seats 
of trains and airplanes were 16.7 and 1.3. and 13.5 and 5.3pg/m\ respectively 
(Fig. 1). The highest nicotine exposure levels in the smoking seats of trains and 
airplanes were 48.6 and 28.8pg/m\ respectively. However, these values were 
only equivalent to the amount of nicotine inhaled through active smoking from 
0.023 and 0.014 cigarettes/h. 

The exposure level to ETS depends on many factors, including room size 
and time of day. Further, people do not live in the same environment for 24 h. 
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so the exposure level will differ with the behavior of individuals throughout the 
day. 

Figure 3 shows the results of all-day monitoring of nicotine exposure for the 
nonsmoking subjects with or without an occupation in two cases where their 
families include and do not include a smoker. In this measurement, the sampler 
tube was exchanged every 8h and the exposure level was monitored continu¬ 
ously for 1 to 6 d. 

Nicotine inake is particularly high in subjects who are exposed to ETS at the 
workplace and at home. Some exposure to nicotine was also observed for many 
subjects without a smoker in their family. These results indicate that non- 
smokers without a smoker in their family are also exposed to ETS when a 
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smoker visits, or when they go out. Therefore, it is impossible to evaluate their 
exposure to ETS based only on the smoking habits of their families. 

In this all-day monitoring, the subject with the highest daily average of 
nicotine exposure was a housewife with a smoking husband. According to her 
report, she attended a piny with him on that day. As a result, her daily average 
of exposure level amounted to 27.3 ng/m\ and the daily amount of nicotine 
inhaled was estimated to be up to 310*ig, equivalent to actively smoking 0.31 
.cigarettes. 

Hinds and First [3], Bardre et al. [1] and First [2] reported that nicotine con¬ 
centrations in various public places were in the range of 1 to 10.3, 20 to 50 and 
2.7 to 30ng/m\ respectively. Our result is consistent with theirs. Thus, the 
nicotine level in daily environments will rarely exceed 100*ig/m\ If a man stays 
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in a room with a lOOjig/m 3 nicotine level for Ih. the amount of nicotine he will 
inhale is estimated only to be equivalent to that inhaled by actively smoking 
about 0.05 cigarettes. 

Therefore, we can say that the amount of nicotine inhaled by a nonsmoker 
in his daily life is far ur. Her than that inhaled by a smoker through active smok¬ 
ing. 

Nicotine is an excellent marker for ETS exposure because of its sperifity for 
tobacco smoke. It is not necessarily clear, however,whether nicotine intake can 
provide the best quantitative estimation of the dose of ETS exposure or not. 
The composition of the sidestream smoke differs widely from that of 
mainstream smoke. The inhalation patterns in passive and active smoking are 
not comparable. The concentration of ambient nicotine decreases somewhat 
rapidly compared to that of other constituents of tobacco smoke, especially in a 
closed room without any ventilation. Consequently, in future it will be neces¬ 
sary to study quantitatively the relationship between nicotine, a vapor and par¬ 
ticulate phase components of interest in ETS and biological markers such as 
cotinine to utilize nicotine fully as a quantitative marker of ETS exposure. 


References 

1. Badre R. GuilJerm R. Abnn N. Bourdin M. Dumas C (1973) Pollution atmospWrique 
par la fum£e de tabic. Ann Pharmacol Fr 35: 443—452 

2. First MW (1984) Environmental tobacco smoke measurement: retrospect and prospect. 
Eur J Resp Dis [Suppl 133} 65:9-16 

3. Hinds WC. First MW (1975) Concentration of nicotine and tobacco smoke in public 
places. New Engl J Med 292:844-345 

4. Hoffmann D. Haley NJ. Adams JD. Brunnemann KD (1984) Tobacco sidestreair^smoke: 
uptake by nonsmokers. Prev Med 13:608-617 

5. Jarvis MJ. Russell MAH, Feyerabend C (1983) Absorption of nicotine and carbon man- 
oxide from passive smoking under natural conditions of exposure. Thorax 38 :829-833 

6. Jarvis MJ. Russell MAH. Feyerabend C. Eiser JR. Morgan M. Gammage P. Gray EM 
(1985) Passive exposure to tobacco smoke. Saliva cotinine concentrations in a representa¬ 
tive population sample of nonsmoking school children. Br Med J 291:927-929 

7. Lehnen G (Chairman). Garfinkel L. Hirayama T, Schmthl D, Cberia K. Wynder EL. 
Lee PN (1984) Roundtable discussion. Prev Med 13:730-746 

8. Matsukura S, Taminato T, Kitano T, Seino Y. Hamada H. Uchihashi M, Nakajima H. 
Hi rata Y (1984) Effect of environmental tobacco smoke on urinary cotinine excretion in 
oonsmokers. Evidence for passive smoking. New Engl J Med 311:828-832 

9. Muramatsu M. Umemura S. Okadi T. Tomita H (1984) Estimation of personal exposure 
to tobacco smoke with a aewly developed nicotine personal monitor. Environ Res 
35:213-227 

10. Ryiander R (1984) Environmental tobac co smoke and lung cancer. Eur J Resp Dis [Suppl 
1331 65:127-133 

11. Tamelc MW (1950) Chemistry of the surface and the activity of alumina-silica cracking 
catalyst. Disc Faraday Sri 8:270-276 

12. US Department of Health and Human Services. Public Health Service (1986) A report of 
the Surgeon General. The health consequences of involuntary smoking. DHHS Publica¬ 
tion No. (CDC) 87-8398, pp 66-90 


Received January 29 / Accepted May 19,1967 



ocumenls 


26 



o 

cn? 

«<? 

QC 

i\2 

05 

cc 

cc 

<50 


Source: https://www.industrydocuments.ucsf.edu/docs/hkbjOOOO 



r 


V 






.« 








I 


PUBLIC HEALTH BRIEFS 


i 



7 


of Ox iaodxat. cnmvinrr grucsart tad flLUat. ®ri io4 apem 

fgxuJBflf fro® ‘Jbm cario. DOT arumpq to viiidiu demtb md La. 
Specifically excluded froo reporoef rwcparcment* *r» rnkua of 
fuxautws of certain coxauaer nwnaodifm. aod rtic»*« fro® notor carrier 
firms dome toWy iat ra sai * bmtarts aod fro® ceraui wwccr gimpnorrx. 
Automobile* smkias stonia txoJa and ocroLtn t ran a pnrunw i rvfif l spdis ® 
fad faclici® art tirturiwl 

The Acute HaArdoux Eveea (AHDdxxabeMwbett® ® tftSaofioa® 
tfce NRC m ks wo source of daa. However, daa arc also induced fro® 
selected sue foveroaveoa. the Esdnoscaal Proceeao* Afeacy (E?A) 
Erfjoo 7, some a cw r p a pen and wire service*, aod other sources. In/ormrioe 
collect ad Lac hides cause of eveett, aesmry tateng piece daring the ml and 
type of pr e p en y damaged. Att empts art eerie to c limine ft deads aod iojunes 
kk cauted by harxrrkxe atttrhaLu Because espbasaa wee p ie ced upoe maa 
involving cbemkais co v ere d by Superfuad legulaooe aod air idsua fro® 
fixed sites, many evextu which appear m the NRC data base art nelud e d. AHZ 
it mtiumMi tad augmented by £?A aod ks coo tractors, pranariiy Iaduscrtai 
Ecooofflscs, Incorporated, aod Li bon updated through JW. 4 if evtocs 



L lABIastitaeelacSASUaor'sCuttk:Basics. Vncion5Ed.Cary,NCSAS 

Inarrprse Inc. !9t5. 

2. US Coogms. Offlc* of Tnc ha otofy Aansaaeoc Tranporaaon of &u- 
ardout met mala. Washmgton. DC Govt Pruning Ottc*. ISS6; 

3. Shew GN. Windham GC Leonard A. Neutra BN: Qianctcnxacs of 
heardous malarial spills fro® reporting system* in Caiman®. A® J f a tofc 
Health 1*4: 74:5*0-543. 

4. Industrial Ecooomka. Inc; VLosgeawt Technology and Daa Symma. 
Inc; PEI As sonata*, lac; ICP, Inc Acme hazardous events daa bnt. 
Sprtngfleid. VA: Naoooel Technical Infermarion Servi ce . Dt5; E?A 
Coetmct No. 41-02-4055. 


Formaldehyde Exposures from Tobacco Smoke: A Review 

Thad Godlsh, PhD 
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Report! of formaldehyde level! in mainstream. ride- 
stream, and environmental lo bncco smoke from nine studies are 
reviewed. Considerable disparity exists between formaldehyde pro¬ 
duce oc rates determined from mains cream-ridesmesm studies and 
those rtportint levels in environmental tobacco smoke. To b acc o 
smoke does not appear to increase vapor-phase formaldehyde levels 
significantly in indoor environments, but formaldehyde ex p o sure « 

Smoke may pose a risk of upper respiratory system 
tad increase the risk of ctacar * smokers. (Am / Public 
Health 1989; 7* 1044-1045.) 



Introduction 

Formaldehyde is a major oxidation by-product of com¬ 
bustion processes including tobacco smoking. It is produced 
in both the mainstream (MS), and sidestream smoke (S3), and 
has been repor ted i n substantial levels in environmental 
tobacco smoke (ETS). 

Formaldehyde levels in mainstream, sidestream, and en¬ 
vironmental tobacco smoke r ep orted by a number of investi¬ 
gators are summarized is Table 1. Reported studies vary ia 
testing methodologies and expression of coocentradoos. Con¬ 
centration units are those originally reported and those calcu¬ 
lated and standardized by the author from original data, assure- 
mg a smoking rate of 35 ml/puff and 10 puffs/dgamxe. 

As seen ia Table I, formaldehyde concentrations is 
mainstream smoke 1 " 4 ranged from about 10 ^g/cigarette to 
oyer 100 ^cigarette. Differences in concentrations reflect 
differences in tobacco type and brand. Higher average 
concentrations reported by the Surgeon General in 1936 s 
reflect those of regular non-filter cigarettes. 

' Sidestream vapor-phase formaldehyde co n cen tr a tions also 
varied somewhat. Ayer and Yeager 5 reported 15-48 ppm. Ho- 
ffmaa's observations ranged from ncodetectable to 34.2 wf 
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cigarette, with an average of 12.1 ^cigarette for 16 differ e nt 




Room or large chamber formaldehyde levels associated 
with environmental tobacco smoke 4 "* indicate that formal¬ 
dehyde concentrations is such rooms are high. For example, 
in the studies of Howled, et al * one cigarette smoked in an 
environmental chamber caused the formaldehyde level to 
increase to 0.21 ppm within a half hour. Formaldehyde 
production rates calculated from ETS concentrations (Table 
1) are substantially higher (one to two orders of magnitude) 
than those reported for MS, SS, and MS-SS combined. 

The considerable ‘disparity in for mald ehyde production 
rates determined from MS-SS and ETS studies suggest 
differences due to methodologies employed in sampling and 
analysis. In the mainstream-side stream smoke studies re¬ 
ported by the Surgeon General 2 - 3 and by Hoffman. 4 gas and 
particulate phase materials were separated by high-efficiency 
filtration. In studies by Weber, et al * no attempt was m ade 
to remove particulate phase materials. Sun din 7 employed 
paniculate phase filtration of unknown efficiency. Attempts 
to remove pa rt i cular phase materials in ETS samples were 
not reported by Howlett, et al* and Klus, et al? 

In mainstream-sidestream smoke s tu die s ,*" 4 
pies were analyzed by the 2,4 dinitropheuylhydrazene-HPLC 
method which is specific for free formaldehyde. The chrocai- 
roptc add method 0 oo the other band was used in the s t u d i e s 
of Weber, et al. 4 and Sundin T ; it is Hkely to have been employed 
in the two other environmental tobacco smoke studies as well 
because it is the dominant method used to determine formal¬ 
dehyde concentrations in air. In the chromatropc add met hod, 
formaldehyde forms a stable addition product on sample coi- 
lectioQ in sodium bisulfite solution. On analysis, the sririrrio c i 
product is destroyed yielding free formaldehyde. Any sohdoa 
which contains free formaldehyde, a formaldehyde addition 
product, or organic compounds which produce formaldehyde 
on sulfuric acid destruction will test positive for formaldehyde. _ 

. On analysis with the chroma tropic add method, the 
particulate phase of tobacco smoke has been shown to it (v 
contain appreciable quantities of formaldehyde. 5 This fonn- 
aldehyde may be present as free formaldehyde dissolved in 
liquid water or it may be produced by the destruction of 
formaldehyde addition products and possibly other orj^mo 
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compounds is the solid or liquid phase. Because it is 
incorporated into their molecular structure, addition prod* 
nets are unlikely to yield significant quantities of free form* 
aidehyde under normal circumstances. Formaldehyde dis¬ 
solved in water can vaporize from the particulate phase, can 
remain in solution and react with other particulate phase 
compounds, or can remain in solution as free formaldehyde 
and then react with body tissues on inhalati on. The potential 
for particulate phase tobacco smoke to produce and release 
free formaldehyde is unknown, and the health consequences 
of particulate phase materials are also unknown. 

Effect of Tobacco Smoking on Indoor Formaldehyde 
Lev eh —Because of uncertainties associated with focmalde* 
hyde in the particulate phase of tobacco smoke samples and the 
lack of specificity of t he ch romarropic acid method for free 
formaldehyde, reported ETS studies are oflimited usefulness in 
assessing the effect of tobacco smoking on vapor-phase form¬ 
aldehyde levels in indoor air. Formaldehyde concentrations in 
indoor air can. however, be calculated from production rates 
reported by the Surgeon Gen eral 2 - 3 and by Hoffman. 4 The 
following “worst case” conditions are assumed: 1) 20 
dgarettes/30 minutes smoking rate; 2) production raxes of 120 
and 34 jig/cigarenr for MS and SS; 3) MS formaldehyde not 
retained by smoker, 4) zero air exchange rate in a 30 m 3 
environmental chamber, and 5) no sinks or other sources 
present. Under these assumptions, 3080 pg formaldehyde 
would be produced resulting in a concentration of 0.085 ppm. In 
a 194 m 3 space (typical of a single-wide mobile home) the 
concentration would be considerably lower (0.012 ppm). Even 
under these extreme circumstances, the effect of ogarette 
smoking on formaldehyde levels in indoor spaces would be 
neg l igib le. This is consistent with the residential measurements 
of Daily, et a/, 11 and Ritchie and Lehneo.*- 
/ Exposures to Smoker *—Formaldehyde levels m main¬ 
stream smoke appear to be high. When dilution inspiration is 
taken into consideration, formaldehyde exposures on a per 
puff basis appear to be in the range of 1.5-19.5 ppm/puff. The 
cumulative daily exposure duration for a single paek/day 
consumption would be approximately 6 minutes and 40 
seconds; the cumulative daily dose, 188-2382 pg (depending 
on brand smoked). Exposures at the upper end of the range 
for a one paek/day consumption would be approximately 
equivalent to an exposure of 0.25 ppm 22 houn/day m a 
mobile home environment. ■ .-nr.-' ..*•«; 

■ z Health Risks —Recent epidemiological studies indicate 
that formaldehyde exposures associate d with residential 
environments are great enough to cause a variety of acute 


symptoms. 
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Formaldehyde may also cause asthma. 
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In addition, the US Environmental Protection Agency 
(USE?A) has concluded that sufficient evidence exists to 
implicate formaldehyde as a human carcinogen. 18 USEPA 
risk assessments predict that individuals with average expo¬ 
sures of 0.16-0.19 ppm 16 hours/day for 10+ yean in a mobile 
borne have upperbound risks of 1-5-3.40 x 10~ 4 . Mainstream 
tobacco smoke exposures would be expected to confer their 
own formaldehyde cancer risk and to increase the risk of 
upper respiratory system cancer associated with exposures 
to formaldehyde-contaminated indoor air. 
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Abstract 

The tobacco-specific nitrosamines (TSNA) N-nitrosonomicotine (NNN) and 
4-(N-methylnitro$amino)-H3-pyridyl)-l-butanone (NNK) as well as the vola¬ 
tile N-nitrosamines N-nitrosodimethylamine (NDMA) and N-nitrosopyrrol- 
idine (NPYR) were determined in the indoor air of a poorly ventilated office 
where extensive smoking took place. Under these conditions, moderate to 
heavy smoking resulted in indoor air concentrations of 7.6-20.0 ppm carbon 
monoxide, 109-290 ppb nitrogen oxides and 58.5-132 ^g/m 3 nicotine. The 
N-nitrosamine concentrationes were (in nanograms/cubic meter): not de¬ 
tected (nd)-6.0 NNN, nd-13.5 NNK, 7.9-45.0 NDMA and 3.5-27.0 ng/m 3 
NPYR. Occupation of the office by a nonsmoker for 1 h would result in a 
maximum exposure to 0.01 ^igTSNA and 0.03 p.g volatile N-nitrosamines. 



Introduction 

Tobacco-specific nitrosamines (TSNA), such as N- 
nitrosonomicotine (NNN), N-nitrosoanatabine, N-ni- 
trosoanabasine and 4-(N-raethylnitrosamino)-l-(3-pyri- 
dyl)-l*butanone (NNK) have been found in cured tobac¬ 
co, and in mainstream smoke and sidestream smoke of 
various tobacco products [ 1). We have recently developed 
an analytical method sensitive enough to determine 
TSNA in environmental tobacco smoke (ETS) [2], and, in 
the meantime, our preliminary findings have been con¬ 
firmed by Brunnemann et al. [3] who have reported the 
presence of 8.3 and 9.3 ng/m 3 NNK in the indoor air of a 
smoke-polluted bar. 

In this paper, we report indoor air concentrations of 
NNN and NNK determined in a poorly ventilated office 


in which extensive smoking occurred. Data are also 
reported for the presence of the two volatile N-nitrosa¬ 
mines N-nitrosodimethylamine (NDMA) and N-nitroso- 
pyrrolidine (NPYR). As a surrogate marker for ETS, the 
nicotine concentration is presented together with data for 
carbon monoxide (CO) and nitrogen oxides (NOx) in 
office air. 


Materials and Methods 

Study Design 

Air monitoring was conducted in an office (84 m 3 ) located on the 
ground floor of a new laboratory in Vienna. The room was not air- 
conditioned and was furnished with standard office fittings. Indoor 
air was sampled for 2 h on 14 different occasions, during which the 
office wis occupied by up to 5 people (smokers and nonsmokers). No 


Preliminary d*u from this study w*s pmemed *t ibe Accepted 

4ih luetMtioflal Conference oc lodox Air Quality tod Miy2l, 1992 

Cknuu. icriia, Aufutt 17-21,1917. 


rr H. Klus 

OfcoUb GceUtduft fur UoveluaiiyuJi mbH 
HuaenuuK 12*4 
A-i 160 W*eo (Ancrii) 


© 1992 S Kirvr AC. Bisel 
1016-4901/92/0016-03*8 
S175/0 



Source: hltps://www.industry 


biOOOO 


205782634 







Table 1. TSNA 
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in each 2-hour session 

Tobacco 

burnt 1 

g/h 
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nicotine 
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restricted ventila- 

0 

n - 1 

5.0 

132.0 

1.7 0 2 

27.2 

11.6 

12.5 

1 10 

non 

18 

7.2 

127.0 

0 1.6 

13.2 

4.9 

13.0 

157 


12 

1 

- 

8.3 

117.6 

3.1 

3.1 

13.9 

5.9 

12.4 

182 

7 

1 

1 

6.9 

101.7 

2.9 

4.7 

23.0 

8.0 

11.4 

133 

13 

l 

— 

8.7 

100.4 

4.9 

2.1 

7.9 

5.2 

11.0 

140 

7 

1 

- 

6.3 

93.7 

6.0 

4.2 ' 

14.0 

27.0 

9.0 

194 

11 

- 

- 

4.4 

89.8 

1.6 

4.4 

22.0 

13.0 

7.7 

109 

8 

1 

— 

6.7 

87.8 

2.6 

8.0 

25.2 

10.3 

20.0 

290 

15 

- 

— 

6.0 

84.1 . 

3.8 

10.8 

9.0 

4.5 

14.0 

192 

6 

1 

- 

5.9 

72.3 

2.3 

4.9 

36.0 

11.0 

8.7 

110 

11 

- 

— 

4.4 

69.8 

3.5 

13.5 

8.2 

3.5 

7.6 

125 

11 

— 

— 

4.4 

64.2 

1.4 

2.8 

12.8 

6.8 

10.4 

120 

10 

1 

- 

7.5 

61.9 

3.8 

4.5 

NA 3 

NA 

13.0 

172 

7 

1 

- 

6.3 

58.5 

1.6 

3.3 

45.0 

18.1 

10.7 

175 

1 Approximate tobacco weights: Cigarette tobacco * 

0.8 g; pipe tobacco - 

1.2 g; cigar tobacco - 

•g. 



2 Limit of detection 0.1 ng/m 3 for NNN and NNK. 

3 NA- Not analyzed. 


attempt w^as made to influence the smoking habits and working 
activity of the occupants, who were free to leave and enter the office 
at any time. However, it was not permitted to open the windows 
during the smoking sessions which would have resulted in improved 
air quality. The number of people present, as well as the times when 
cigarettes, cigars and pipes were lighted, were recorded. The sam¬ 
pling apparatus was located dose to the center of the office and 
installed at the breathing height of a seated person. 


Analysis ofETS 

All measurements were performed continuously over each 2-hour 
session during which smoking occurred. Nicotine was sampled on 
Extrelut columns (E. Merck; Darmstadt, BRD) acidified with 0.1 M 
HCl using a flow rate of 2.4 l/min. After sampling, the column was 
made alkaline by drawing through gaseous ammonia and nicotine 
eluted with ethyl acetate. Nicotine was determined by gas chroma¬ 
tography using a nitrogen-specific detector. Volatile N-nitrosamines 
and TSNA were sampled by drawing air through a series of 2 wash 
bottles containing aqueous phosphate/citrate buffer (pH 3.5) and 
ascorbic acid to inhibit artifactuai formation of N-nitrosamines. 
After sampling, the buffer was extracted with methylene chloride and 
the extract separated by chromatography (basic aluminum oxide; 
Woelm II-III, Eschwege, BRD) into two fractions containing volatile 
nitrosamines and TSNA. Nitrosamine analysis was performed by 
capillary gas chromatography with detection using a thermal energy 
analyzer (TEA Model 502; Thermo Electron Corp., Waltham, Mass., 
USA) according to a published method [2]. The presence of N-nitro- 
samines was confirmed by rechromatography after photolysis of the 
simple at 365 nm (4]. Direct on-line measurement was performed 
for CO (Carbon Monoxide Analyzer Model 8310; Monitor Labs Inc., 
USA) and NOx (Nitrogen Oxide Analyzer Model 8840; Monitor 
Labs Inc., USA). 


Results 

The time-intergraded office air concentration of to¬ 
bacco smoke constituents together with the amount of 
tobacco burned are shown in table 1. On average, 6.3 g/h 
of tobacco (range 4.4-8.7 g/h) was smoked during the 14 
sessions. As a surrogate marker ofETS, the mean nicotine 
concentration was 90.1 jig/m 3 (range 58.5-132 jig'm 3 ). 
Mean concentrations of CO and NOx were 11.5 ppm 
(7.6-20.0) and 158ppb (109-290), respectively. The 
mean nitrosamine concentrations were (in nanograms' 
cubic meter): 2.8 [not detected (nd)-6.0] NNN, 4.9 (nd- 
13.5) NNK, 19.8 (7.9-45.0) NDMA and 10.0 (3.5-27.0) 
NPYR. No correlation was observed between individual 
components of ETS and the amount of tobacco burnt. 
This may be due to differences in the types of tobacco 
products smoked and also to the different ventilation con¬ 
ditions on the various occasions, indicating that none of 
the components measured acts as a suitable marker of 
total exposure to ETS. 


Discussion 

The data for TSNA are slightly lower than those of 
Brunnemann et al. [3] who reported concentrations of 
8.3 ng/m 3 NNN and 9.3 ng/m 3 NNK in ETS of a ‘moder- 
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ately smoke-polluted' bar. However, comparison of the 
results is impeded by the lack of information on the actual 
ETS concentration (or an appropriate surrogate for it) in 
the bar. The presence of NNN and NNK in ETS is solely 
due to tobacco smoke. However, volatile nitrosamines 
occur ubiquitously in the environment [5], and concentra¬ 
tions of 10-90 ng/m 3 have been reported in ambient air of 
industrial areas [6]. As a result, the presence of NDMA 
and NPYR in indoor air cannot be considered to be spe¬ 
cifically due to ETS. 

Subjects (both smokers and nonsmokers) present in 
the office during air sampling complained about the bad 
air conditions. This allows the conclusion that, normally, 
the air quality would have been improved by opening the 
windows. In fact, the nicotine concentration in the indoor 
air ranged between 58.5 and 132p.g/m 3 (mean 90.1), 
which is considerably higher than the reported concentra¬ 
tions of <50 jig^m 3 , most frequently <20 ^ig/m 3 , in of¬ 
fices with unrestricted ventilation [7-10]. As a result, the 
NNN and NNK concentrations measured in our study 
exceed the concentrations found under realistic condi¬ 
tions, and present a ‘worst-case' situation. 

From the present data, occupation of the office by a 
nonsmoker for 1 h would result in a maximum exposure 
of 0.01 pg/h TSNA (NNN and NNK) and 0.03 pgTi vola¬ 
tile N-nitrosamines (NDMA and NPYR). These exposure 


levels are based on the highest data values show-n in 
table 1, they assume a respiratory volume of 0.5 m 3 /h 
with total retention of all N-nitrosamines, and are quite 
different from those reported by Hoffmann et al [ 11) in a 
previous paper, who estimated a total intake of up to 
0.3 pg^h NNN and NNK on exposure to ETS, based on 
calculations of TSNA concentrations in sidestream ciga¬ 
rette smoke [12]. If the exposure from actual ETS concen¬ 
trations is calculated for real-life conditions [7-10], the 
uptake amounts to only 0.004 pgTSNA and 0.015 pg vol¬ 
atile N-nitrosamines. 

The measurements show that ETS contains 5-15 ng/ 
m 3 NNN and NNK, 2 nitrosamines specific to tobacco 
smoke. Assuming an ETS exposure time of 3 h/day [13], 
the daily exposure to N-nitrosamines from ETS amounts 
to <0.1 pg combined TSNA and volatile N-nitrosa¬ 
mines. This exposure to N-nitrosamines is considerably 
smaller than the measured average daily intake of 0.2- 
0.3 pg of volatile N-nitrosamines (NDMA, NPYR and N- 
nitrosopiperidine) [14], and an estimated total daily di¬ 
etary intake of 10-100 pg for all dietary N-nitrosamines 
[15]. ETS exposure provides only a small contribution to 
the total daily N-nitrosamine exposure, which has to be 
taken into consideration when calculating any carcino¬ 
genic risk due to ETS exposure. 
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ABSTRACT 


N-Nitrosonornicotine (NNN) and 4-(N-methylnitrosamino)-l-(3-pyridyl)-1 -butanone (NNK), 
two tobacco-specific N-nitrosamines (TSNA). as well as the volatile N-nitrosamines N- 
nitrosodimethylamine (NDMA) and N-nitrosopyrrolidine (NPYR) were determined in the 
indoor air of a poorly ventilated office and in real-life situations where extensive smoking 
occurred. Smoking in the office resulted in indoor air concentrations of 7.6-20.0 ppm carbon 
monoxide (CO) and 58.5-132 pg/nr 5 nicotine. The mean nitrosamine concentrations (in ng/m J ) 
were: 2.8 [not detected (nd)-6.0] NNN. 4.9 (nd-13.5) NNK, 19.8 (7.9-45.0) NDMA and” 10.0 
(3.5-27.0) NPYR. Under real-life conditions, indoor air contained 0.8-2.1 ppm CO and 8.5- 
45.8 pg/nr 5 nicotine. Nitrosamine concentrations (ng/m J ) were nd-2.0 NNN, nd-2.3 NDMA 
and traces of NPYR (limit of detection 0.3 ng/m J ). NNK was not found. Exposure of a nons¬ 
moker under normal real-life conditions to <0.005 pg TSNA and volatile N-nitrosamines over 
3 h provides only a very small contribution to the total daily N-nitrosamine exposure of 10' 
100 pg/day. 


INTRODUCTION 
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Tobacco-specific N-nitrosamines (TSNA) such as N-nitrosonomicotine (NNN), N-nitroso- 
anatabine, N-nitrosoanabasine and 4-(N-methylnitrosamino)-l-(3-pyridyl)-l-butanone (NNK) 
are found in cured tobacco and transfer to mainstream and sidestream smoke during smoking 
(1,2). As a result, trace quantities of TSNA could be present in environmental tobacco smoke 
(ETS). In two studies we have determined indoor air concentrations of NNN and NNK, as 
well as the presence of the volatile N-nitrosamines N-nitrosodi methyl amine (NDMA) and N- 
nitrosopyrrolidine (NPYR). Both NDMA and NPYR occur ubiquitously in the environment 
(3) and are not specific to tobacco smoke. In both studies nicotine was determined as a 
surrogate marker for ETS and carbon monoxide (CO) as a marker of indoor air quality. The 
first study was performed in a poorly ventilated ground floor office in Vienna in which 
extensive smoking occurred. In the second study additional tobacco-specific components 
(solanesol, 3-ethenvlpyridine) and respirable suspended particles (RSP) were determined under 
real-life conditions in two restaurants, two smoking compartments in a train, and in the home 
of a smoker. 


MATERIALS AND METHODS 





The ground floor office (84 m J ) was not air-conditioned and was furnished with standard ^ 
office fittings. Indoor air was sampled for 2 h on 14 different occasions, during which the 
office was occupied by up to 5 people (smokers and nonsmokers). No attempt was made to 
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influence the smoking habits and working activity of the occupants, who were free to leave 
and enter the office at any time. However, it was not permitted to open the windows during 
the air monitoring sessions. The number of people present, as well as the times when 
cigarettes, cigars and pipes were lighted, were recorded. The sampling apparatus was located 
close to the center of the office and installed at the Loathing height of a seated person. 
Nicotine, volatile N-nitrosamines and TSNA were determined according to a published 
methods (4,5). The presence of N-nitrosamines was confirmed by rechromatography after 
photolysis of the sample at 365 nm (6). Direct on-line measurement was performed for CO 
(Carbon Monoxide Analyzer Model 8310; Monitor Labs Inc., USA) and nitrogen oxides 
(Nitrogen Oxide Analyzer Model 8840; Monitor Labs Inc., USA). 

Indoor air monitoring under real-life conditions was performed unobstrusively using a 
modified portable air sampling system (Portable Air Sampler, TNO, Division of Technology, 
Delft, The Netherlands (7)). A time-weighted air sample was collected using a Tedlar (PVF) 
sampling bag for analysis of CO by direct on-line measurement as discribed above. Nicotine 
(8). 3-ethenylpyridine (9), RSP (10) and solanesol (11) were determined according to 
published methods. A self-constructed portable air sampling case was used for collection of 
volatile N-nitrosamines and TSNA on Extrelut columns (E. Merck; Darmstadt, Germany) 
saturated with aqueous phosphate/citrate buffer (pH 3.5) containing 10 % glycerin and 
ascorbic acid to inhibit artifact formation of N-nitrosamines. After sampling, the column was 
extracted with methylene chloride and the extract analyzed as previously published (4). 

RESULTS 

The time-integrated office air concentrations of tobacco smoke constituents together with the 
amount of tobacco burned in the office are shown in Table 1. On average, 0.075 g/h/m 3 of 
tobacco (range 0.52-0.104 g/h/m 3 ) was smoked during the 14 sessions. The following ap¬ 
proximate tobacco weights were assumed: 0.8 g for cigarette tobacco; 1.2 g for pipe tobacco 
and 7 g for cigar tobacco. As a surrogate marker of ETS, the mean nicotine concentration was 
90.1 pg/m 3 (range 58.5-132 pg/m 3 ). Mean concentrations of CO and nitrogen oxides (NOx) 
were 11.5 ppm (7.6-20.0 ppm) and 158 ppb (109-290 ppb), respectively. The mean nitrosa- 
mine concentrations (in ng/in 3 ) were: 2.8 [not detected (nd)-6.0] NNN, 4.9 (nd-13.5) NNK, 
19.8 (7.9-45.0) NDMA and 10.0 (3.5-27.0) NPYR. 

Time-integrated real-life concentrations of RSP and tobacco smoke components are presented 
in Table 2. The nicotine and CO concentration ranged between 8.5-45.8 pg/m 3 and 0.8-2.1 
ppm, respectively. Mean nitrosaminc concentrations (in ng/m 3 ) ranged from nd-2.0 NNN, nd- 
2.3 NDMA and traces of NPYR. NNK was not detected subject to a detection limit of 0.3 
ng/m 3 for a 3 h sampling period. NOx were not determined under real-life conditions since 
it was not possible to perform unobstrusive direct on-line measurements. 

DISCUSSION 



Under the semi-controlled conditions in which time-integrated office air concentrations of 
tobacco smoke components were measured in a poorly ventilated office in which extensive 
smoking took place, no correlation was observed between the amount of tobacco burnt (range 
0.052-0.104 g/h/m 3 ) and individual components of ETS. This may be due to differences in the 
types of tobacco products smoked on the various occasions and ventilation conditions in the 




office. Subjects (both smokers and nonsmokers) present in the office during air sampling 
complained about the bad air conditions (7.6-20.0 ppm CO). This allows the conclusion that, 
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normally, the air quality would have been improved by opening the windows. This is further 
confirmed by the nicotine concentrations in the indoor air which ranged between 58.5 and 
132 pg/m 3 (mean 90.1 pg/m 3 ) which are considerably higher than reported concentrations of 
<50 pg/m 3 , most frequently <20 pg/m 3 , in offices with unrestricted ventilation (12-15). Poor 
ventilation conditions resulted in ETS concentrations or 5-15 ng/m 3 NNN and NNK. 


Table 1. Time-integrated ETS constituents in an office with restricted ventilation. 


Tobacco burnt 
(g/h/m 3 ) [product] 1 

Nicotine 

(pg/m 3 ) 

CO 

(ppm) 

NOx 

(ppb) 

Nitrosamine concentrations (ng/nvO 
NNN NNK NDMA ^NPYR 

0.059 [llc.lZ] 

132.0 

12.5 

110 

1.7 

0 

27.2 

11.6 

0.086 [18c] 

27.0 

13.0 

157 

0 

1.6 

13.2 

4.9 

0.099 [ 12c, 1 p] 

117.6 

12.4 

182 

3.1 

3.1 

13.9 

5.9 

0.082 [7c.lp.lZ] 

101.7 

11.4 

133 

2.9 

4.7 

23.0 

8.0 

0.104 [ 13c, 1 p] 

100.4 

11.0 

140 

4.9 

2.1 

7.9 

5.2 

0.075 [7c, 1 p] 

93.7 

9.0 

194 

6.0 

4.2 

14.0 

27.0 

0.052 [1 lc] 

89.8 

7.7 

109 

1.6 

4.4 

22.0 

13.0 

0.080 [8c, lp] 

87.8 

20.0 

290 

2.6 

8.0 

25.2 

10.3 

0.071 [15c] 

84.1 

14.0 

192 

3.8 

10.8 

9.0 

4.5 

0.070 [6c,lp] 

72.3 

8.7 

110 

2.3 

4.9 

36.0 

11.0 

0.052 [11c] 

69.8 

7.6 

125 

3.5 

13.5 

8.2 

3.5 

0.052 [11c] 

64.2 

10.4 

120 

1.4 

2.8 

12.8 

6.8 

0.089 [10c,lp] 

61.9 

13.0 

172 

3.8 

4.5 

na 2 

na 

0.075 [7c,lp] 

58.5 

10.7 

175 

1.6 

3.3 

45.0 

18.1 


5 Tobacco burnt = 0.8 g/cigarette [c]; 1.2 g/pipe [p]; and 7.0 g/cigar [Z]. 
“na = not analyzed. 


Under real-life conditions during which even more extensive smoking occurred on two 
occasions (0.059-0.211 g/h/m 3 tobacco burnt), normal ventilation conditions greatly improved 
the air quality (0.8-2.1 ppm CO; 8.5-45.8 pg/m 3 nicotine) and lower concentrations of nd-2.0 
ng/m 3 NNN, nd-2.3 ng/m 3 NDMA and traces of NPYR were detected. NNK was not found. 
The laboratory personel, all nonsmokers, who performed the sampling did not complain about 
the air quality on any sampling occasion. 

The presence of NNN and NNK in ETS is solely due to tobacco smoke. However, volatile N- 
nitrosamines such as NDMA and NPYR occur ubiquitously in the environment (3), and 
concentrations as high as 10-90 ng/m 3 have been reported in ambient air of industrial areas 
(16). As a result, the presence of NDMA and NPYR in indoor air is not specifically due to 
ETS. The levels of TSNA reported in indoor air in Table 2 are considerably lower than those 
recently reported by Brunnemann et al. (17) who did not determine a surrogate marker for 
ETS. They only noted that CO was unsuitable as a marker for this purpose. 

Under restricted ventilation conditions resulting in poor air quality, occupation of the office 
b Y a nonsmoker for 1 h would result in a maximum exposure of 0.01 pg/h TSNA and 0.03 
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pg/h volatile N-nitrosamines. These exposure levels are based on the highest values shown in 
Table 1 and assuming a respiratory volume of 0.5 m 3 /h with total retention of all N-nitrosa¬ 
mines. Despite the fact that smoking intensity on two occasions was higher under real-life 
conditions, lower concentrations of 8.5-45.5 pg/m 3 nicotine (mean 23.8 pg/m 3 ) were 
determined confirming that the poor ventilation conditions in the office contributed heavily 
towards elevations in indoor air concentrations of ETS components. Under real-life conditions 
(Table 2), nonsmoker exposure of <0.005 pg/h total N-nitrosamines occurs. 

Table 2. Time-intergrated ETS constituents under real-life conditions. 


Restaurants 

1 2 

Train compartments 

1 2 

Smoker 

home 

Room size (m 3 ) 

100 

800 

65 

65 

75 

Sampling time (min) 

180 

180 

175 

28 

190 

Tobacco products (c.p,z)' 

32c 

159c 

20c 

8c 

12c,3z 

Tobacco burnt (g/h/m 3 ) 2 

0.128 

0.066 

0.082 

0.211 

0.059 

Particulate phase 






RSP (pg/m 3 ) 

272.6 

165.6 

14.5 

207.7 

203.1 

Solanesol (pg/m 3 ) 

0.39 

1.35 

<0.02 

<0.1 

1.15 

Gas phase 






CO (ppm) 

2.1 

1.1 

0.8 

na 3 

1.1 

Nicotine (pg/m 3 ) 

45.8 

13.5 

27.5 

23.5 

8.5 

3-Ethenylpyridine (pg/m 3 ) 

7.0 

3.9 

4.2 

4.7 

2.4 

N-Nitrosamines 






NDMA (ng/m 3 ) 

1.7 

2.3 

1.6 

nd J 

tr s 

NPYR (ng/m 3 ) 

tr 

tr 

tr 

nd 

tr 

NNN (ng/m 3 ) 

0.7 

1.5 

2.0 

nd 

nd 

NNK (ng/m 3 ) 

nd 

nd 

nd 

nd 

nd 


'Tobacco products abbreviated as: c, cigarette; and z, 
2 Tobacco burnt = 0.8 g/cigarette and 1.5 g/cigarillo. 
3 na = not analyzed. 

J nd = not detected (limit of detection 0.3 ng/m 3 ) 

5 tr = trace (<0.5 n^/m 3 ) 


cigarillo. 


Assuming an ETS exposure of 3 h/day, which has been found as typical for ETS exposure 
under real-life conditions in Germany (18). the daily exposure to N-nitrosamines from our 
studies on real-life ETS amounts to <0.005 pg combined TSNA and volatile N-nitros-amines. 
This is considerably smaller than the average daily dietary intake of 0.2-0.3 pg of volatile N- 
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nitrosamines (19). and an estimated total daily dietary intake of 10-100 pg for all N- 
nitrosamines (20). As a result, it is concluded that exposure to N-nitrosamines in ETS 
provides only an insignificant contribution to the exogenous total daily N-nitrosamine exposu¬ 
re, and is also negligible compared to the potential for endogenous nitrosamine formation 
from nitrosatable secondary amines (21). Nicotine, a tertiary amine, nitrosates only very 
slowly in vitro under aqueous conditions to form NNN, NNK and 4-(N-methyl-nitrosamino)- 
4-(3-pyridyl)-1-butanal (22) and no evidence exists to show that endogenous nitrosation of 
nicotine occurs (23). 
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QUESTIONNAIRE ASSESSMENT OF LIFETIME AND RECEIPT 
EXPOSURE TO ENVIRONMENTAL TOBACCO SMOKE 

DAVID B. COULTAS, lJ GLENN T. PEAKE** and JONATHAN M lAMET^ 


Courts*, D. B. (Haw M i ric o Tumor Registry, Ctneor Cwntsf, U. of Now Moxico 
M o d te a ? Contof, AJbuqosrqus, NM 17131), Q. T. Pssks, and J. IL Samot Quws- 
tioortsir* ssssstmsrrt of kfstims and rooont sxposurs to sovirooro+ ma i t oba cco 
amoka. Am «/ EpWamW 1999; 130:334-47. 

In a aampto of 149 aduft non amok on rscrurtsd in Now Mazico in 1994, Ihs 
authors isooiood tho rwtiabiitty of Qusstionriair* rstponts on kfstims exposure 
to tobacco amoka in tho homo. They a(ao eomporod urtnary c oti n i ns iovoU wfth 
quostionnaira reports of onvironmoma! tobacco amoka azpoaura during tho 
previous 24 hours. Tho agreement of responses obtained on two occasions within 
six months was high for parental smoking during childhood: 94% for tho m othe r 
and 93% for tho fothor. For tho amounts smoked by tho mother and tho father 
during the s u b j ect's ehiidhood, the agreement between the two i nte rvie ws was 
moderate: 52% and 39%, respectively. For the number of hours per day that each 
parent smoked in the home during the subject*s ehiidhood, the Spearman corre¬ 
lation coefficients also indicated only moderate reliability {? a 0.11 for maternal 
smoking and r * 0.54 for paternal smoking). For each set of interviews, responses 
concern i ng recent tobacco amoks exposure and urinary o o tin i ne levels were s 
correlated to only a modest degres. The authors conclude that adults can rtttabfy ’(Os. 
report w hether household members smoked during their childhood, but informa- v 
tion on quantitative aspects of smoking is reported less rekabfy. 

pyrrohdinones; questionnaires; t obacc o smoke pobution 


The term “passive smoking" refers to the 
involuntary exposure of nonsmokers to the 
combination of tobacco combustion prod¬ 
ucts released by the burning cigarette and 
smoke components exhaled by the active 
smoker (1,2). The adverse health effects of 
passive smoking on children and adults 
have been described in numerous epidemi¬ 


ologic investigations (I, 2). However, de¬ 
spite the evidence linking malignant and 
nonmalignant diseases with active and pas¬ 
sive smoking, tobacco smoking remains 
highly prevalent worldwide (1). In the 
United States at present, about 30 per cent 
of adults are active cigarette smokers (3), 
so that a large proportion of nonamoktn 
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in this country are involuntarily exposed to 
environmental tobacco smoke (1, 2). 

Although some health effects of passive 
smoking have been convincingly demon* 
strated, many questions on the health 
effects of passive smoking remain un¬ 
answered More precise description of 
exposure-response relations is needed for 
assessment of the adverse effects on chil¬ 
dren and the development of lung cancer. 
Additionally, further studies on exposure 
to environmental tobacco smoke in the 
workplace are warranted because of the 
high prevalence of smoking among adults 
and public concern about this source of 
exposure. In most epidemiologic studies on 
involuntary smoking published to date, ex¬ 
posure has been assessed with question¬ 
naires; for the purposes of some inves¬ 
tigations, the questionnaires have spanned 
the entire lifespans of the subjects. Ques¬ 
tionnaires will remain the moat feasible 
method for assessing exposure to environ¬ 
mental tobacco smoke in new studies. How¬ 
ever, the reliability and validity of question¬ 
naire measures of involuntary smoking 
have not been adequately characterised 

In this study, we have assessed the reli¬ 
ability of a comprehensive questionnaire 
on lifetime exposure to environmental to¬ 
bacco smoke in 149 adult nonsmokers. 
While validity is also of interest, no appro* 
priate standard for comparison is available 
for a lifetime history. Questionnaire re¬ 
sponses with poor reliability art also likely 
to have poor validity. In this sample, we 
also examined the relation between reports 
of recent exposure to environmental to¬ 
bacco smoke and urinary cotinine levels. 

Materials ano methods 

Sample selection 

Between February and December of 
1986, nonsmokers aged 18 years and older 
were recruited from Albuquerque, New 
Mexico, and the surrounding communities. 
Recruitment was accomplished by tiro 
methods: advertisements and direct contact 
with subjects from a population survey (4). 
In both approaches, we asked for volunteers 


to participate in a study of indoor air qual¬ 
ity that involved completing a question¬ 
naire on two occasions and providing saliva 
and urine samples. The subjects were not 
informed that the study was directed spe¬ 
cifically at exposure to environmental to¬ 
bacco smoke. We attempted to stratify the 
sample uniformly by age and by sex but 
were not completely successful (table 1). Of 
our sample, 62 per cent were female, and 
only five males were aged 60 years and 
older. 


Data collection 

A structured questionnaire on lifetime 
and recent exposure to environmental to¬ 
bacco smoke was administered by a trained 
interviewer to each subject on two occa¬ 
sions separated by approximately four to 
six months. Training involved familiarisa¬ 
tion and practice with the questionnaire 
and review of probing techniques, which 
were standardized. The interviews were 
conducted by four interviewers who com¬ 
pleted 89.2, 5.4, 2.7, and 2.7 per cent of the 
first interviews and 38.2, 6.7, 54.4, and 0.7 
per cent of the second interviews, respec¬ 
tively. We asked whether the subject’s 
mother had smoked while pregnant with 
the subject, and we determined the smoking 
status of parents, spouses, and others from 
questions on whether these persons had 
smoked in the subject's borne on a daily 
basis for six months or more. These ques¬ 
tions referred to two time periods: birth to 
age 18 years and age 19 years to the time 
of the interview. These time periods were 
chosen to correspond to the usual ages for 
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living in the parents’ home and subse¬ 
quently living outside the parents’ home. 
In addition, for each smoker, we asked 
about the type(s) of tobacco smoked (ciga¬ 
rette, pipe, or cigar), the amount of each 
type smoked in the home, the number of 
years each type was smoked, and the num¬ 
ber of hours of exposure per day to each 
type in the home. Another set of questions 
asked about the amount of exposure during 
the previous 24 hours. The questions cov¬ 
ered the number of smokers to which the 
subject was exposed, the type(s) of tobacco 
smoked (cigarette, pipe, or cigar), and the 
number of hours of exposure. These ques¬ 
tions were asked separately for exposures 
at home, at work, in vehicles, and at social 
gatherings. At the time of the interview, a 
urine specimen was collected and frozen at 
—20 C until the cotinine assays were per¬ 
formed 


Cotinine assay 

Cotinine was quantitated by a double 
antibody radioimmunoassay as described 
by Langone et al. (5). A specific antiserum 
produced in rabbits was supplied by Dr. 
Helen Van Vunakis of Brandeis University 
(Waltham, MA). Urine samples were di¬ 
luted 1:4 for the assay. The sensitivity of 
the assay in our hands was 36 pg/tube or 
0.78 ng/ml of urine (4,204 pmol/liter). Uri¬ 
nary creatinine concentrations were deter¬ 
mined by the Jaffe reaction (6), and the 
cotinine concentrations were standardized 
to the creatinine concentrations. Assays 
were performed without knowledge of ques¬ 
tionnaire responses. 

Data analysis 

Reliability was assessed by comparison 
of the two lifetime histories for the expo¬ 
sure variables during the two time periods, 
birth to age 18 years and age 19 years to 
the time of the interview. Because of the 
small number of pipe and cigar smokers 
among parents (n » 24) and spouses (n « 
4), we restricted our analysis to cigarette 
smokers. We summarized the per cent 


agreement between the first and second 
interviews for categorical variables, which 
included mother’s smoking during preg¬ 
nancy, mother’s, father’s, and spouse’s cig¬ 
arette smoking status; amount smoked, cat¬ 
egorized as less than one pack per day, one 
pack per day, and more than one pack per 
day and number of other cigarette smokers 
in the household, categorized as none, one, 
and two or more. To discount chance agree¬ 
ments between the first and second inter¬ 
views, Cohen’s kappa was calculated for all 
categorical items and tested for significance 
(7, 8). Spearman rank order correlation 
coefficients (9) were calculated for contin¬ 
uous variables, which included both the 
number of years and the number of hours 
per day that the subject’s mother, father, 
spouse, and others had smoked. 

For questions on exposure to tobacco 
smoke during the previous 24 hours, we 
crested summary variables for cigarette 
smoke exposure only, because exposure to 
pipe and cigar smokers was infrequent. The 
summary variables for cigarette smoke ex¬ 
posure included the total number of hours 
of exposure and the total number of ciga¬ 
rette smokers in all locations. To examine 
the relation between measures of short 
term exposure to environmental tobacco 
smoke within and between interviews, we 
calculated Spearman rank order correla¬ 
tions (9). 

Data analyses were performed with stan¬ 
dard programs of the Statistical Analysis 
System (10). 

Rxsults 

Of the 158 subjects enrolled for the first 
interview, 149 (94 per cent) also completed 
the second interview. Of the nine subjects 
who were not reinterviewed, there were 
seven males and two females, with mean 
ages of 43.6 years and 43.0 years, respec¬ 
tively. This report is baaed on responses of 
those 149 subjects who were reinterviewed. 
The age range of the 149 subjects was 21- 
79 years (mean « 43 years); 37.6 per cent 
were males and 62.4 per cent were females 
(table 1). The median duration between 
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interview* was 17 weeks, with s range of 6- 
35 weeks. 

For the period birth to age 18 yean, 
agreement between the first and second 
interviews was high for parental smoking 
status during childhood (table 2). The per 
cent agreement was similar for mother’s 
and father’s smoking during childhood and 
was lowest for maternal smoking during 
pregnancy. The percentage of unknown re* 
sporises was highest for maternal smoking 
during pregnancy. The per cent agreement 
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and kappa statistic for the number of other 
Cigarette smokers in the home during child¬ 
hood were 77.0 per cent and 0.47 (p < 
0.0001), respectively. 

In contrast to the high reliability of re* 
sponses about parental smoking status dur¬ 
ing childhood, concordance was low for re¬ 
sponses about the usual amount smoked in 
the home by the parents during childhood 
(table 3). The concordance was highest for 
the amount smoked by the mother and 
lowest for the amount smoked by the fa- 
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ther. Compared with the first interview, the 
percentage of subjects reporting parent*] 
smokinf of one peck per day or more waa 
hif her at the aecond interview. 

We also examined the reliability of re* 
sponses on smokinf status and amount 
smoked by sex and by aft. The fin dingi 
were similar to the overall analysis within 
strata defined by either sex or aft, above 
and below aft 40 years. 

Spearman correlations were used to de¬ 
scribe the agreement between the first and 
second interviews on the reported number 
of years and hours per day of exposure to 
environmental tobacco smoke during child¬ 
hood. The correlation coefficients were 
high for responses on the number of years 
the parents and other smokers in the 
household had smoked (table 4). However, 


for responses on the number of hours per 
dsy of smoke exposure in the home, the 
correlation coefficients were much lower 
(table 4). 

We next examined the reliability of re¬ 
ported smoke exposure during adulthood 
(tablet 3 and 5). After age 18 yean, the 
numbers of subjects living with either their 
mother (n « 8) or their father (n ■ 9) were 
small. For this small group of subjects, the 
concordance of responses on parental 
smoking status was 100 per cent. Similarly, 
the per cent agreement on spouse's smoking 
status, as obtained at the two interviews, 
was 100 per cent (n * 67). For the amount 
currently smoked by the spouse, the con¬ 
cordance was lower (table 3). Agreement 
between responses about the number of 
other cigarette smokers in the household 
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«u 74.0 per cent (n » 66), with a kappa 
value of 0.50 (p< 0.0001). 

Correlations between responses at the 
two interviews were hifb for the number of 
years the spouse and other smokers in the 
household had smoked durinf the subject's 
adulthood but much lower for the number 
of hours per day of expceure durinf adult- 
hood (table 5). Because of the small number 
of subjects iivinf with their parents after 
aft 18 years, we did not calculate correla¬ 
tion coefficients for these variables. 

Urine specimens were obtained from 98 
per cent of the 149 subjects at the first 
interview and 95 per cent at the second 
interview. The median urinary cotinine lev- 
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els were zero at both interviews, with mean 
levels of 9.2 nf/mf of creatinine at the first 
interview and 7.3 nf/mf of creatinine at 
the second interview. Cotinine levels varied 
widely with the total number of smokers 
and the total number of hours of exposure 
to tobacco smoke (in various situations) 
durinf the 24 hours prior to urine collection 
at both the first interview ififurn 1 and 2) 
and the second interview (data not shown). 
The cotinine levels correlated only mod¬ 
estly with the questionnaire measures of 
exposure (table 6). 

We also assessed the stability of data on 
exposure, as measured by questionnaire 
and by cotinine level (table 6). At the first 
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and second interview!, the mean responses 
for the reported number of cigarette smok¬ 
er! that the subjects had been exposed to 
during the previous 24 hours were 2-1 and 
1.8, rsepectively, with 20 subjects at the 
first interview and 22 subjects at the second 
interview reporting exposures in “crowds." 
For the total number of hours of exposure 
during the previous 24 hours, the mean 
responses at the first and second interviews 
were 5.1 and 4.6, respectively. Both the 
questionnaire variables and the cotinine 
data indicated a relatively stable pattern of 
exposure. The Spearman correlation coef¬ 
ficient* were somewhat higher for tbe 


questionnaire-based indexes than for uri¬ 
nary cotinine levels. 

Discussion 

In s group of adult nonsmokers, we found 
high reliability for reports on parental 
smoking and on smoking by others in the 
boms (table 2) but lower reliability for 
semi quantitative exposure measures (ta¬ 
bles 3-5). Mean levels of urinary cotinine 
increased with exposure to cigarette smoke 
compared with no exposure (n * 37) (fig¬ 
ures 1 and 2). However, wkhin specific 
levels of exposure, the cotinine levels varied 
widely. Across the follow-up period of sev- 
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Table 6 

Spearman correlation* between measures of exposure 
to environmental tob a cco smoke durinf the 24 hours 
prior to interview . Sew Mexico. 1966 


Eiposur* vsnshit 

No 

t 

Total no. of smokers to which subject 
was exposed 

Responses at the 6m and second 
interviews 

143 

0*0 

Response at tbs 6m interview and 
cotinine level 

143 

0*4 

Response at the second interview 
and con tin ins level 

139 

0*1 

Total no. of hours that subject was 
exposed to cigarette smoke 
Responses at the.first and aeeood 

interviews 

144 

0.62 

Response at the 6m interview and 
cotinine level 

145 

0.32 

Response at the aecond interview 
and cotinine level 

138 

0.29 

Cotinine level 

Levels at the 6m and aecond 
interviews 

140 

0.45 


er&l months, exposures to environments] 
tobacco smoke were relatively stable, as 
were urinary cotinine levels (table 6). Most 
subjects were able to provide responses to 
the questions on maternal smoking during 
pregnancy, parental smoking during child¬ 
hood, and smoking by a spouse during 
adulthood (tables 2 and 3). 

Several limitations of these data must be 
considered Because a standard for validat¬ 
ing a lifetime history of exposure to envi¬ 
ronmental tobacco smoke is unavailable, 
we used repeatability' as an index of the 
quality of questionnaire responses. We ad¬ 
dressed the reliability of questions on life¬ 
time exposure at home, but not in the work¬ 
place, an important source of exposure for 
a substantial proportion of adults (11). In¬ 
terview with a volunteer subject does not 
replicate the usual setting of a ease-control 
study, the design most often used to ex¬ 
amine lung cancer and passive smoking (1). 
In that setting, recall bias by ill subjects 
may affect reliability of questionnaire re¬ 
sponses in comparison with a volunteer 
population. 


Similar observations on the reliability of 
questionnaire data on passive smoking 
were recently reported by Pron et al. (12). 
These investigators interviewed 117 sub¬ 
jects, controls in a case-control study of 
lung cancer, on two occasions separated by 
an average of six months. Smoking by 
spouses was reported with high reliability 
(kappa * 0.&9 for both wife and husband). 
Repeatability was somewhat lower for 
smoking by the mother (kappa « 0.76) and 
by the father (kappa » 0.44). As in the 
present study, repeatability of quantitative 
estimates of duration of exposure was lower 
than for the categorical descriptions of 
smoking by household members. 

Although neither the investigation of 
Pron et al. (12) nor the present study di¬ 
rectly addresses validity of questionnaires 
on lifetime passive smoking, the validity of 
subjects' reports on smoking by parents and 
spouses has been described. Sandler and 
Shore (13) compared responses on parents' 
smoking given by cases and controls with 
responses given by the.partntt or siblings 
of the index cases. Concordance was high 
for whether the parents had ever smoked, 
although the agreement was somewhat bet¬ 
ter for smoking by the mother than for 
smoking by the father. Responses concern¬ 
ing numbers of cigarettes smoked did not 
agree as highly. In a follow-up study of a 
nationwide sample, children's responses on 
smoking by their deceased parents closely 
agreed with the information given 10 years 
previously by the parents themselves (14). 
Other studies have shown that people gen¬ 
erally report the smoking habits of their 
spouses correctly (14-19). However, peo¬ 
ple's reporting of quantitative aspects of 
the smoking behavior of their spouses tends 
to be less valid (16,18,19). 

Smoking by parents during childhood 
and by a spouse during adulthood represent 
the most important sources of household 
exposure to environmental tobacco smoke. 
The studies of subject reports for parents 
and spouses indicate good validity of re¬ 
sponses on smoking by these household 
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members; the study of Pron et al. (12) and 
the present study show that these reports 
are also highly reliable. Thus, exposure 
measures based on cigarette smoking status 
of parents and of spouses, as reported by 
an index subject, are reported with a high 
degree of validity and reliability, although 
these measures may only crudely quanti¬ 
tate the dose of biologically relevant to¬ 
bacco smoke components. In contrast, the 
accuracy of more quantitative measures of 
smoking by these household members is 
lower. The resulting misclassification may 
explain the failure to find exposure- 
response relations for passive smoking and 
lung cancer in some studies (1, 20). 

We also compared responses to questions 
on exposure during the previous 24 hours 
with urinary cotinine level. The time period 
for the questionnaire was limited to the 
previous 24 hours to reduce bias from faulty 
recall. However, since this period is approx¬ 
imately the half-life of cotinine in non- 
smokers (21, 22), the cotinine level repre¬ 
sents not only exposure during the 24 hours 
covered by the questionnaire but prior ex¬ 
posure as well. 

We found modest correlations between 
the questionnaire-based measures of expo¬ 
sure and urinary cotinine levels (table 6). 
The level of correlation must be interpreted 
in the context of the different lengths of 
time of exposure assessed by the question¬ 
naire and by the urinary cotinine level. 
Furthermore, at a given level of nicotine 
exposure, urinary cotinine level is also in¬ 
fluenced by uptake, metabolism, and excre¬ 
tion, which are likely to vary among indi¬ 
viduals. 

Coultai tt al. (23) found that question¬ 
naire measures of household exposure were 
not strong predictors of salivary cotinine 
kveL In 247 adult nonsmokers with a de¬ 
tectable cotinine level, the subject’s age, the 
number of cigarettes smoked per day by the 
spouse, and the number of cigarettes 
smoked per day by other smokers in the 
household explained only 2 per cent of the 
variance in cotinine levels for females and 
16 per cent of the variance for males. Even 
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in active smokers, questionnaire responses 
on smoking behavior do not tightly predict 
cotinine concentrations in body fluids (24- 
27). Higher correlations between urinary 
cotinine levels and reported exposure to 
cigarette smoke have been reported for 
young children (28). The higher correla¬ 
tions in the studies of young children prob¬ 
ably reflect the time-activity patterns in 
this age group (29); parental smoking in the 
household is generally the dominant source 
of exposure. 

In adults, the weak relation between co¬ 
tinine level and reported smoke exposure 
implies that a single cotinine measurement 
should not be used to estimate exposure for 
individuals (23). However, in our subjects, 
cotinine levels varied among exposure 
groups (figures 1 and 2), suggesting that 
cotinine measurements might be used as an 
index of mean exposure for members of a 
particular exposure group. 

Nonsmokers are exposed to environmen¬ 
tal tobacco smoke in many different envi¬ 
ronments, including the home, the work¬ 
place, and other private and public loca¬ 
tions. Since subjects in an epidemiologic 
investigation cannot be expected to com¬ 
prehensively describe the extent of expo¬ 
sure in each of these environments, mil- 
classification of the amount of exposure to 
environmental tobacco smoke must be an¬ 
ticipated from the use of questionnaires. 
However, subjects can provide valid and 
reliable reports concerning the smoking 
status of household members. The combi¬ 
nation of questionnaires and biologic mark¬ 
ers offers a feasible approach for assessing 
recent exposure to environmental tobacco 
smoke. 
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Ontario, Canada M5S 1A8), G. R. Howe, and A. B. Miller. The reliability of passive 
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A test-retest design has been used to examine the reliability of passive 
smoking histories reported in personal interviews. A total of 117 control subjects 
initially interviewed in a lung cancer case-control study conducted in metropolitan 
Toronto, Canada, between 19S3 and 1984 were reinterviewed on average six 
months later. Responses to initial screening questions used to detect a person’s 
exposure to passive smoke were more reliable for residential than for occupa¬ 
tional exposure. Respondents also more reliably reported residential exposure 
to spouse’s passive smoke than to the passive smoke of others at home. 
Quantitative measures of exposure to passive smoke, Le., number and duration 
of exposure, were even less reliably reported. Nonsmoking respondents gave 
the most reliable information. The low reliability of self-reported duration of 
exposure to passive smoke is consistent with the inability of several studies to 
detect a significant dose-response relation with lung cancer risk when measures 
of dose that depend solely on duration are used. 
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smoke pollution 


A number of toxic substances, including 
carcinogens, have been identified in both 
secondhand (exhaled smoke) and side- 
stream smoke (smoke emitted from a burn¬ 
ing cigarette between active puffs) (1, 2). 
In particular, sidestream smoke has been 
shown to contain greater concentrations of 
some toxic chemicals, e.g., dimethylnitro- 
samine, naphthalene, ben 2 o(a)pyrene, and 
toluene, than mainstream smoke (smoke 
actively inhaled) (3). These observations 
have raised concerns that exposure to pas¬ 
sive smoke could be a major contributor to 
lung cancer among nonsmokers. A number 


of epidemiologic studies have been con¬ 
ducted with mixed results. A cohort study 
in Japan (4) and three case-control studies, 
one in Greece (5) and two in the United 
States (6, 7), found a significant increased 
risk of lung cancer among female non- 
smokers married to smokers. A recent case- 
control study (8), also carried out in the 
United States, suggested that both female 
smokers and nonsmokers married to active 
smokers were at increased risk for cancer 
(all sites combined), although the numbers 
were insufficient to examine individual 
cancer sites. The American Cancer Society 
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cohort study (9) and a case-control study 
in California (10) found a nonsignificant 
relative risk of about 1.2; in another case- 
control study (11), no difference between 
cases and controls was found. An analysis 
that incorporated data on lung cancer risk 
with passive smoking from 13 different ep¬ 
idemiologic studies estimated a summary 
relative risk of 1.4 (95 per cent confidence 
interval 1.19-1.54) (12). 

There are a number of possible reasons 
for these inconsistent results. The use of 
smoking by a spouse as the only index of 
passive smoke exposure could lead to a 
substantial misclassification bias if subjects 
are exposed at work or at home from house¬ 
hold members other than their spouses. 
The use of hospital controls in case-control 
studies can be a major source of bias for 
studies of active smoking, and if passive 
smoke exposure is associated with diseases 
that lead to hospitalization, studies of pas¬ 
sive smoking would also be biased. Finally, 
there is the possibility that subjects may 
provide unreliable information on their 
passive smoke exposure, since this is ob¬ 
viously a more difficult exposure to mea¬ 
sure than that of active smoking. 

We have attempted to overcome and as¬ 
sess these difficulties in a case-control 
study of lung cancer and passive smoking. 
Lifetime residential and occupational pas¬ 
sive smoking histories were requested, pop¬ 
ulation-based controls were used, and a 
special study was conducted to estimate the 
reliability of passive smoking histories by 
means of repeat interviews among a subset 
of control subjects. This paper reports the 
results of the reliability study and considers 
the implications of the results for studies 
of passive smoking. 

Materials and methods 

A test-retest design was employed to ex¬ 
amine the reliability of information re¬ 
ported on passive smoking in personal in¬ 
terviews. Respondents in this reliability 
study were chosen from among controls in 
a case-control study of lung cancer and 
passive smoking conducted in metropolitan 
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Toronto. Eligible cases for the lung cancer 
study consisted of all females newly diag¬ 
nosed with primary lung cancer in the study 
area between April 1981 and March 1985. 

A total of 410 female cases were interviewed 
together with an equal number of age- 
matched male subjects randomly selected 
from lung cancer cases occurring in the 
same area during the same time period. A 
total of 780 age- and sex-matched controls, 
randomly selected from municipal popula¬ 
tion lists for the same geographic area, were 
also interviewed. All controls interviewed 
in 1983 and 1984 were approached six 
months after their initial interview and 
were asked if they would agree to be rein¬ 
terviewed. Of the 147 controls approached 
for reinterview, 117 (80 per cent) were rein¬ 
terviewed, 6 (4 per cent) had moved outside 
the area, and 24 (16 per cent) refused. The 
study sample consisted of 54 males and 63 
females with ages ranging between 33 and 
78 years. Among male subjects, 11 (20 per 
cent) reported on the first interview that 
they were lifetime nonsmokers, 27 (50 per 
cent) that they were ex-smokers, and 16 
(30 per cent) that they were current smok¬ 
ers. Among female subjects, the numbers 
were 42 (67 per cent), 13 (21 per cent), and 
8(13 per cent), respectively. 

Four specially trained female interview¬ 
ers conducted the interviews in the homes 
of the respondents. For each subject, the 
initial interview and the reinterview were 
conducted by a different interviewer. This 
procedure eliminated the possibility that 
an interviewer could simply record infor¬ 
mation that she remembered from a pre¬ 
vious interview. It was also hoped that the 
use of different interviewers would ensure 
that the motivation and participation of 
the subjects in a reinterview procedure 
would remain similar. 

An identical questionnaire was used on 
both the initial interview and the reinter¬ 
view. After active smoking data had been 
obtained, exposure to passive smoking was ^ 
ascertained by a series of questions relating ^ 
to residential and occupational sources of 
exposure. Residential exposure was deter- ^ 
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mined by asking an initial screening ques¬ 
tion, “Have you ever lived in the same 
household as a regular smoker?” Those who 
responded positively were asked to identify 
all such regular smokers and to give the 
first and last year in which they lived in 
the same household as the subject. Occu¬ 
pational exposure was also assessed by an 
initial screening question, “Have you ever 
worked in a place where you were more or 
less continually exposed to the tobacco 
•moke of other people?” Subjects respond¬ 
ing positively were then asked to identify 
each such place of work, the first and last 
year they worked there, and the number of 
persons who regularly smoked around 
them. 

The reliability of continuous measures of 
passive smoke exposure was assessed by the 
product-moment correlation coefficient. 
For categorical variables, the kappa statis¬ 
tic, a measure of agreement which is cor¬ 
rected for chance, was used, and for ordered 
polytomous categorical variables, a 
weighted kappa statistic (13) was com¬ 
puted. P values quoted were two-sided. 

Results 

The distribution of responses to the ques¬ 
tion of whether the respondent had ever 
lived in a house with a regular smoker is 
shown in table 1 by sex and active smoking 


•tatus of the respondents themselves and 
by combinations of sex and smoking status. 
The agreement generally was good, with all 
subgroups having similar values of kappa. 
The corresponding results for exposure to 
occupational passive smoke are shown in 
table 2. The prevalence of exposure to pas¬ 
sive smoke at work was lower than that of 
exposure to residential passive smoke, and 
the kappa values were also lower. The dif¬ 
ference between kappas for residential 
(kappa * 0.66) and occupational (kappa = 
0.46) exposure to passive smoke reported 
by all respondents was not significant (p * 
0.09) There appealed to be more variation 
in kappa values among subgroups for ei- 
posure at work than at home, although 
most differences for the former groups were 
not statistically significant. Although the 
kappa value for occupational exposure re¬ 
ports was significantly different (p = 0.04) 
for male smokers and nonsmokers, the 
kappa value for reports by male non- 
smokers was based on only nine individ¬ 
uals. The highest kappa value for occupa¬ 
tional exposure reports was for female non- 
smokers, and the highest kappa value for 
residential exposure reports was for male 
nonsmokers. 

Passive smoking exposures, classified by 
the number of residential smokers and 
number of job sites reported, are shown in 


Table 1 

Reliability of response to question on exposure to residential passive smoke, by sex and smoking status of control 

respondents, lung cancer case-control study, Toronto, Canada, 19S3-19&4 


Sex and smoking 
tutus* 


First interview/second interview response* 


> 

SuiidArd 

trror 

Yes/ye* 

(n) 

Yt*/no 

<n) 

No/ye* 

(ft) 

No/no 

<») 

Total 

Kappa 

Both »exei 

» 

84 

10 

4 

19 

117 

0.66 

0.084 

Female* 

All 


46 

4 

4 

9 

63 

0.61 

0.124 

Never tmokerm 

28 

3 

2 

7 

40 

0.66 

0.141 

Ever us 

oken 

18 

1 

2 

2 

23 

0.50 

0.250 

Male* 

All 


38 

6 

0 

10 

54 

0.70 

0.110 

Never *: 

moker* 

6 

1 

0 

2 

9 

0.73 

0.247 

Ever tmoken 

32 

5 

0 

8 

45 

0.69 

0.123 


• Subject* in this and *ub*equent table* were clarified a* never tmoken if they had reported never amokinj 
tobacco product* on both interview* and ever *moken if they had reported *mokinf tobacco product* on either 
or both interview*. 
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Table 2 

Reliability of response to question on exposure to occupational passive smoke, by sex and smoking status of 

control respondents, lung cancer case'control study, Toronto, Canada , 1983-1984 


Sex and amokinj 
statu* 


First interview/aecond interview response** 



Standard 

error 

Ye*/ye* 
<n) 

Yes/no 

(n) 

No/ve* 

(n) 

No/no 

<n) 

Total 

Kappa 

Both sexes 

39 

15 

16 

45 

115 

0.46 

0.083 

Females 

All 

18 

8 

6 

30 

62 

0.53 

0.109 

Never smoker* 

12 

5 

2 

20 

39 

0.63 

0.126 

Ever smokers 

6 

3 

4 

10 

23 

0.37 

0.195 

Males 

All 

21 

7 

10 

15 

53 

0.35 

0.128 

Never smokers 

3 

1 

4 

1 

9 

—0.05 

0.262 

Ever smokers 

18 

6 

6 

14 

44 

0.45 

0.135 


* The responds of one male (smoker) subject who had reported that he did not know if he had been exposed 
to occupationaJ paaaive amoke and of one female (never amoker) subject who had never worked were omitted 
from this table. 




Both » 

Femal 

Ail 

Nev 

Eve 

Males 

All 

Nev 

Eve 


table 3. Kappa values estimated from 
subgroups of the respondents are summa¬ 
rized in table 4 for these variables. Again, 
kappa values for occupational exposure 
were generally lower than those for residen¬ 
tial exposure. There appears to be more 
variability among subgroups from this 
analysis as compared with tables 1 and 2, 
reflecting the finer subdivision of the data. 
In particular, for occupational exposure, 
there was a statistically significant differ¬ 
ence for kappa for female smokers and non- 
smokers (p < 0.01). Results for residential 
exposures classified by the relationship of 
the smoker to the respondent are shown in 
table 5. The reliability of reported exposure 
to spouse’s smoke was high for both sexes. 
Exposure to maternal smoke was more re¬ 
liably reported than exposures to smoke of 
the father, siblings, children, and other rel¬ 
atives. A similar pattern was observed when 
respondents were analyzed by sex and 
smoking status (not shown). 

In an attempt to further quantify expo¬ 
sure, duration was calculated for residential 
exposure (table 6). It should be noted that 
for some relationships, not all reports were 
necessarily independent, i.e., one person 
could report more than one other relative, 
although this lack of independence should 
not materially bias the estimate of the 
correlation coefficient. The kappa value 


Table 3 

of reports on the number of resident 
smokers* and job sites from passive smoking histories 
by control subjects, lung cancer case-control study, 

Toronto, Canada, 1983-1984 


Second 

No. of resident smokers 

First interview 



interview “ 

0 

1 

2 

34 

Total » 

0 

19 

7 

1 

2 

29 

1 

2 

15 

18 

10 

45 

2 

1 

5 

5 

6 

17 

34- 

1 

4 

3 

18 

26 

Total 

23 

31 

27 

36 

117 


Weifhted kappa « 0.55 




Standard error * 0.071 





No. of job sites 



Second 



First interview 



interview ” 

0 

1 

2 

34 

Total 

0 

45 

10 

4 

2 

61 

1 

9 

16 

6 

1 

32 

2 

4 

7 

1 

1 

13 

34* 

3 

3 

0 

4 

10 

Total 

61 

36 

11 

S 

116 


Weighted kappa - 037 




Standard error ■ 0.101 






* Resident smoker is Any person the 
living with who *u a regular smoker. 


(kappa * 0.52, standard error « 0.088) for 
the reports of duration of passive smoking 
was similar to the Pearson correlation coef¬ 
ficient (r * 0.45, 95 per cent confidence 
interval 0.29-0.58). Correlation coefficients 
for the reported durations of exposure to 
passive smoke were generally similar for 
the various resident smokers. The correla- 
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Table 4 


Reliability of reports on the number of resident smokers and job sites , by sex and smoking status of control 

respondents, lung cancer case-control study, Toronto, Canada, 1983-1984 


Sex and 

No. of resident smokers reported 

No. of job sites reported 

•mo king 

status 

Weighted 

kappa 

Stuid&rd 

error 

Weighted 

kappa 

Standard 

error 

Both sexes 

0.55 

0.071 

0.37 

0.101 

Females 

All 

0.52 

0.098 

0.54 

0.126 

Never smokers 

0.60 

0.094 

0.76 

0.095 

Ever smokers 

0.37 

0.222 

0.18 

0.183 

Males 

All 

0.57 

0.101 

0.21 

0.153 

Never smokers 

0.81 

0.147 

-0.08 

0.296 

Ever smokers 

0.52 

# 

0.116 

0.26 

0.169 


Table 5 


Reliability of the types of reported resident smokers, by their relationship to the control respondents," 

lung cancer case-control study, Toronto, Canada 1983-1984 


Relationship 


First interview/second interview responses 

Standard 

trror 

Yes/ye* 

Yes/no 

No/yes 

No/no 

Total 


(n) 

<n) 

<n) 

<n) 


Wife 

22 

1 

2 

28 

53 

0.89 0.064 

Husband 

37 

1 

2 

21 

61 

0.89 0.059 

Children 

8 

17 

10 

82 

117 

0.24 0.106 

Mother 

9 

4 

1 

103 

117 

0.76 0.103 

Father 

33 

27 

6 

51 

117 

0.44 0.077 

Sibling 

9 

6 

5 

97 

117 

0.57 0.117 

Other (relativea)t 

2 

7 

7 

101 

117 

0.16 0.137 

Other (nonrelatives)$ 

1 

13 

6 

97 

117 

0.02 0.093 

* The responses for exposure to the tobacco smoke of spouses were 

restricted to ever married subjects—61 

of 63 females and 53 of 54 males. 






t Other (relatives) includes grandfather, stepfather, father-in-law. 

son-in-law, brother-in-law, mother-in- 

law, uncle, and aunt. 







t Other (nonrelatives) includes boarder, friend, residence roommate, persons in armed forces, rooming house 

residents, and landlady. 










Table 6 



Reliability of the duration of exposure to residential passive smoke reported for different resident smokers by 

control subjects, lung cancer case-control study, Toronto, Canada 1983-1984 

Type of resident _ 

Interview* 


No. of 

Correlation 

95% confidence 

smoker 

First 

Second 


rrporu 

coefficient 

interval 

AH 

24* 

*21 


115 

0.45 

0.29-0.58 

Spouse 

27 

22 


58 

0.25 

-0.01-0.48 

Wife 

26 

21 


22 

0.37 

-0.06-0.68 

Husband 

27 

22 


36 

0.20 

-0.14-0.50 

Parent 

25 

23 


40 

0.48 

0.20-0.69 

Mother 

24 

22 


8 

0.69 

-0.03-0.94 

Father 

25 

24 


32 

0.46 

0.13-0.70 

Other relativest 

13 

10 


17 

0.59 

0.15-0.83 


• Mean duration (year*) of exposure. 

t Other relatives include son, daughter, brother-in-law, sister, brother, and uncle. 
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tion coefficient for the duration of exposure 
to maternal passive smoke, although higher 
than for other resident smokers, was based 
on only eight reports. Reliability for the 
reported durations of exposure did not vary 
substantially when the reports were ana¬ 
lyzed by the sex and smoking status of the 
respondent. Correlation coefficients were, 
however, higher for reports by nonsmoking 
respondents (table 7). In genera], the reli¬ 
ability of this measure of extent of exposure 
is noticeably lower than the reliability of 
the qualitative responses shown in table 5. 

Discussion 

To our knowledge, this is the first study 
to assess the reliability of information re¬ 
ported on passive smoke exposures in per¬ 
sonal interviews. Test-retest estimates of 
reliability suggest that misc 1 assification of 
such exposures may be extensive. Re¬ 
sponses to an initial screening question 
used to detect a person's exposure to pas¬ 
sive smoke were more reliable for exposure 
at home than at work. Exposure to spouse’s 
smoke was more reliably reported than ex¬ 
posure to smoke of various other residents 
in subsequent residential histories. Quan¬ 
titative measures of exposure to passive 
smoke, i.e., number and duration of expo¬ 
sures, were even less reliably reported Gen¬ 
erally, nonsmokers gave more reliable in¬ 
formation on all measures of passive smoke 
than smokers. It is of interest to note that 
for active smoking (details not presented), 


respondents in this study reliably reported 
the occurrence (kappa *= 0.91, standard er¬ 
ror *= 0.038) and duration (r ~ 0.S4, 95 per 
cent confidence interval 0.74-0.91) of their 
own cigarette smoking habits, and the dif¬ 
ference between correlation coefficients for 
active and passive smoking duration was 
statistically significant (p < 0.001) (14). 

It is relevant that reliability is a measure 
of repeatability and not validity, and even 
if results were completely reliable, there 
would be no guarantee against misclassifi- 
cation bias in epidemiologic studies. Pre¬ 
vious studies (4-6), however, that have ob¬ 
tained risk estimates for lung cancer 
around 2.0, using exposure to spouse’s 
smoke as the index of exposure, appear to 
be credible, since that measure of exposure 
is reliably reported. Nevertheless, the 
amount of misclassification bias that could 
result from the degree of unreliability 
measured in this study for spouse’s passive 
smoke cannot account for the risk esti¬ 
mates for lung cancer around 1.0 found in 
other studies (9, 10). 

To date, studies investigating dose- 
response relations between exposure to 
passive smoke and subsequent incidence of 
lung cancer have had discrepant results. 
Comparisons between study results are 
complicated because various measures of 
intensity or duration, or both, have been 
employed as indices of dose for different 
passive smoke exposures, e.g., to smoke of 
the spouse and to that of the parent. Sig- 


Table 7 

Reliability of the duration of exposure to residential passive smoke, by sex and smoking status of control subjects, 

kinf cancer case-control study, Toronto, Canada, 19&3-J9&4 


Sex and smoking: 
status 

No. of paired 
report!" 

Correlation 

coefficient 

confidence 

iotervaJ 

Both sexes 

115 

0.45 

0.2S-0.58 

Females 

Ail 

62 

0.46 

0.24-0.64 

Never smokers 

41 

0.54 

0.28-0.73 

Ever smokers 

21 

0-31 

-0.14-0.65 

Males 

All 

53 

0.44 

0.19-0.63 

Never smokers 

12 

0.62 

0.07-0.88 

Ever smokers 

41 

0.36 

0.06-0.60 


9 All resident smokers. 
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nificant dose-response relations have only 
been observed in studies that have primar¬ 
ily employed intensity measures of dose, 
i.e., number of cigarettes per day (4), or 
intensity and duration measures of dose, 
i.e., pack-years (6), total number of ciga¬ 
rettes (7), or number of cigarettes over the 
years of marriage (5). Duration-related 
measures of dose, i.e., years lived with a 
amoker (11), or years of exposure to 
spouse’s smoke (7), did not result in signif¬ 
icant dose-response relations. The low re¬ 
liability of durations of exposure to passive 
•moke reported in this study suggests that 
it would be difficult to detect significant 

a 

dose-response relations with measures of 
dose that depend solely on duration. 

The results of this study suggest that 
improvements in the reliability of measure¬ 
ment of exposures to passive smoke are 
needed for future studies. It should be noted 
that when improvements in reliability are 
impossible, increasing sample size is an al¬ 
ternate strategy to deal with the effects of 
random error associated with exposure sta¬ 
tus on risk estimates. Passive smoking ap¬ 
pears to be a complex experience, although 
inconsistent responses by some respon¬ 
dents in this study may be partly attribut¬ 
able to the open-ended format of questions 
used to obtain information on exposures. 
An alternate method to measure passive 
•molting which would use specific probes 
for various exposures, e.g., to smoke of a 
spouse, parent, or sibling, to aid subjects’ 
recall of their exposures may result in more 
reliable information. The unreliability of 
duration measures of dose used in this 
study, e.g., years lived with a person who 


smoked, suggests that other measures of 
dose should be employed for the study of 
exposures to passive smoke. 
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Prevalence and Correlates of Passive Smoking 

Gary D. Friedman, MD, MS, Diana B. Petitti, MD, MPH, 

? and Richard D. Bawol, PhD 


Abstract: The duration per week of exposure to 
others' tobacco smoke in different locations was tabu¬ 
lated from the questionnaire responses of 37,881 non- 
smokers and ex-smokers who received multiphasic 
health checkups in 1979 and 1980. Altogether 63.3 per 
cent of subjects reported some exposure, 34.5 per cent 
were exposed at least 10 hours per week, and 15.9 per 
cent at least 40 hours per week. Duration of exposure 
per week was weakly correlated with serum thiocya¬ 
nate level in a small test group. Exposure was strongly 
related to age with a peak of 78.2 per cent in the 
twenties decade and an accelerating decline thereafter 
to 13.9 per cent in those age 80 and over. Sex and race 
were related to passive smoking only to a relatively 


small degree. Persons reporting longer exposures were 
more apt to report greater use of alcohol and marijua¬ 
na, exposure to occupational hazards, and being cur¬ 
rently not married. Lack of college education was 
most frequent among those denying exposure but was 
directly related to exposure duration among those 
reporting some passive smoking. Studies of the health 
effects of passive smoking should take into account 
these associated factors. Although the reported pas¬ 
sive smoking of married persons was strongly related 
to their spouses' habits, categorization by spouses' 
smoking resulted in considerable misclassification. 
(Am J Public Health 1983; 73:401-405.) 


Many questions have been raised about possible detri¬ 
mental health effects of exposure to the tobacco smoke of 
others (passive smoking), 12 However, little is known about 
the magnitude of such exposure. We here report the preva¬ 
lence and duration per week of passive smoking as reported 
on a questionnaire by a large group of persons who have 
recently taken multiphasic health checkups. We also de¬ 
scribe some other characteristics of those reporting passive 
smoking, and the relationship of reported exposure to 
spouses’ habits. 2 - 4 

Methods 

% 

The Kaiser-Permanente Medical Care Program provides 
comprehensive prepaid medical services to a large heteroge¬ 
neous subscriber population. 5 Since 1964 an automated 
j multiphasic health checkup has been provided to about 
50,000 adults per year at the program's San Francisco and 
Oakland facilities, 6 and the computer-stored data from these 
checkups have been used to study the effects of, and factors 
associated with, cigarette smoking. 7 - 10 In mid-1979, a de¬ 
tailed questionnaire on various aspects of smoking was 
added to the checkup, primarily to study the health effects of 


From the Department of Medical Methods Research, Kaiser- 
Permanente Medical Care P r ogra m. Oakland, California. Address 
reprint requests to Dr. Friedman, Dept of Medical Methods Re¬ 
search, Kaiser-Permanente Medical Care Program, 3451 Piedmont 
Avenue, Oakland, CA 94611. This paper, submitted to the Journal 
April 19, 1982, was revised and accepted for publication July 14, 
1982. 
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low yield cigarettes. The questionnaire also contained three 
items aimed at ascertaining passive smoking. The first item 
was: “On the average, how many hours per week are you 
exposed to cigarette, cigar or pipe smoke in your home 
because of smoking by others? (Write in 000 if less than 1 

hour per week)_hours.” The other two items were 

the same except that for “in your home,” the words “in a 
small space other than your home (such as airplane, office, 
car, etc.)” and “in a large indoor area (such as restaurant, 
hotel lobby, lecture hall, etc.)'’ were substituted. 

A total of 53,697 people completed this questionnaire in 
1979 and 1980. To study passive smoking we looked only at 
37,881 persons who did not report current smoking them¬ 
selves. Of these, 8.0 per cent did not answer one or more of 
the passive smoking questions so we were left with 35,169 in 
whom we could study home exposure, 35,201 in whom we 
could study small space exposure, 35,135 in whom we could 
study large area exposure, and 34,861 in whom we could 
study all three. Each of these study groups consisted of 71- 
72 per cent persons who never smoked and 28-29 per cent 
persons who smoked only in the past. 

The examinees answering all three questions were 42.5 
per cent male, 21.5 per cent Black, 58.9 per cent White, and 
19.6 per cent of other and unknown race. All the data 
concerning sex, race, and other health-related variables 
were age adjusted by the direct method using the group 
answering all three questions as the standard (age distribu¬ 
tion in Table 4). 

To identify married couples in this data set, we selected 
all pairs of reportedly married or remarried persons with the 
same last name, opposite sex, adjacent medical record 
numbers (issued sequentially as persons join the program), 
and birth year difference no greater than 17 years. A check of 
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TABLE 1—Overall Percentages of Subjects Reporting Various 

Places and Degrees of Passive Smoking of at least 

One Hour per Week 


Place and Degree of Pass*e 

Smoking Exposure , 

♦ 

Total Number 
Studied 

Positive Response 

Number 

Per Cent 

Place (1 + hrs/week) 

Home 

35,169 

8,383 

23.8 

Other Small Area 

35,201 

14,223 

40.4 

Large Area 

35,135 

16,336 

46.5 

Degree (all places) 

1+ hrs/wk 

34,861 

22,069 

63.3 

10+ hrs/wk 

34,861 

12,034 

34.5 

40+ hrs/wk 

34,861 

5,551 

15.9 


the program’s administrative files regarding 97 (every 25th) 
pairs who met these criteria indicated that all had the same 
account number and lived at the same address, providing 
further evidence that they were indeed married couples. To 
make sure that the spouses’ reported smoking habits and 
married state were contemporaneous we further selected 
those who were examined on the same day. 


Results 


Table 1 shows the percentages of subjects reporting 
varying types and degrees of exposure.* The distribution of 
the total number of hours per week of any reported exposure 
is shown in Table 2. About one third of subjects reported ten 
or more hours of exposure. 

Correlation with Physiologic Measures 

Serum thiocyanate (SCN) levels and expired-air carbon 
monoxide (CO) concentrations were determined on 267 
persons who completed the questionnaire 12 —176 adult fe¬ 
male twins who volunteered to participate in a special study 
and 91 men recruited from those receiving routine health 
checkups. There were 181 persons who were not current 
smokers; the simple coefficients of correlation between 
reported hours of passive smoking and their SCN and CO 
values were determined (Table 3). (One or at most two 
subjects were excluded from some of these correlations 
because of missing data.) The correlations were all positive 
but small. The correlations of SCN level with non-home 
small area, large area, and total exposure were at, or close 
to, the p < 0.05 level of statistical significance. The mean 
SCN levels for the four duration groups of total exposure, 0, 
1-9, 10-39, 40+ hours/week, were 40.0, 47.7, 43.8, and 49.9 
|xmol/L, respectively. For CO each correlation coefficient 
was smaller than the corresponding coefficient for SCN, and 


•We also looked at the persons who never smoked and those 
who were past smokers separately; both subgroups showed rates of 
passive smoking very similar to those shown for all subjects 
combined. No percentage differed from the corresponding one in 
Table 1 by more than 2.0 per cent. 




TABLE 2—Distribution of Total Hours per Week of any Report¬ 
ed Passive Smoking: Sum of the Hours In Each of 
the Three Areas 


Total Hours 
per Week 

' Per Cent 
(N - 34,861). 

♦ 

% 

1 k 

* 

4 

> 

k 

e. 

0 

36.7 

A 

* 

► 

W 

1-9 

. 28.8 

t. 

a 

10-39 

18.6 

# 

40 + 

15.9 


TOTAL 

100.0 

? 

J 

* 


* 


none approached statistical significance. In another study of 
determinants of SCN and CO in the same subjects,** non¬ 
home small area exposure was the second variable to enter a 
multivariate stepwise linear regression analysis for each 
physiologic measure but statistical significance was not 
observed for this partial assessment of passive smoking. 

Demographic Characteristics 

There were only minor differences in reported exposure 
between men and women. Altogether slightly more men, 
65.5 per cent, than women, 61.6 per cent, reported any 
exposure. The difference almost disappeared when only 
home or other small space exposure was considered—49.7 
per cent of men and 49.4 per cent of women. 

Modest racial differences were noted. Whites were most 
apt to report some exposure—68.8 per cent vs 56.8 per cent 
for Blacks and 55.2 per cent for others, and to report home 
or small space exposure—52.1 per cent vs 47.8 per cent for 
Blacks and 44.9 per cent for others. Most of the excess in 
Whites was in the 1-9 hour category, not in the larger time 
periods. 

Age bore a strong relation to the prevalence of passive 
smoking (Table 4). From the peak proportion reporting 
exposure in the twenties decade, there was an accelerating 
decline with age both for home or small space exposure and 
for total exposure. After the fifties decade, the decline was 
quite marked and only one-fourth or less of persons age 70 or 
older reported passive smoke exposure. For higher levels of 
exposure, in hours per week, the age trends were quite 
similar. 

Other Health-Related Characteristics 

As shown in Table 5, hours per week of passive smoking 
were directly correlated with the proportion of subjects 
reporting alcohol consumption of at least three drinks per 
day, marijuana smoking at least once per week, and positive 
response to at least one of 10 questions*** about exposure to 
hazardous substances or energy at work. Passive smoking 
also bore a direct relationship to not being currently married, 
although the highest proportion not currently married was in 


••Petitti DB, Friedman GD, Kahn W: Predictors of serum 
thiocyanate and expired carbon monoxide in smokers and nonsmok¬ 
ers—manuscript submitted for publication. 

•••Details available on request to author. 
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TABLE 3—Simple Correlation* between Hours per Week of 

Passive Smoke Exposure and Serum Thiocyanate 
and Expired Air Carbon Monoxide Levels among 
Persons not Currently Smoking Themselves (Num¬ 
ber of Subjects = 180 ± 1) 


Type of Exposure 

6 Thiocyanate 

Carbon Moooxxie 

Correlation 

Coefficient 

P 

value' 

Correlation 

Coefficient 

P 

Value* 

Home 

.07 

.35 

.01 

.90 

Other small area 

.14 

.06 

.10 

.18 

Large area 

.14 

.05 

.05 

.50 

TOTAL 

.15 

.04 

.06 

.39 


i — — 


•Probability of observing a correlation coefficient with an absolute value at 
ast this large if there were truly no correction. 


the 10-39 hour group rather than the 40+ hour group. The 
relationto lack of any college education was U-shaped with 
the highest proportion in the no-passive-smoking group. On 
the average, there was an inverse relation between no 
college education and passive smoking but, among those 
reporting passive smoking of at least one hour per week, the 
correlation was positive. 

We repeated these tabulations, excluding ex-smokers 
and thus limiting our attention to those who had never 
smoked. The trends were very similar. 


Spouse Pairs 

As shown in Table 6, more hours of passive smoking, 
both at home and at all sites combined, were reported by 
subjects married to regular smokers (of cigarettes, cigars, or 
a pipe) than by those married to non-smokers. Over 90 per 
cent of all persons married to non-smokers reported no home 
exposure and between 50 and 60 per cent reported no 
exposure at all. These percentages were roughly twice as 
great as those found for persons married to smokers. Corre¬ 
spondingly, the percentages reporting 10 or more hours of 
home or total exposure (combining the two highest catego¬ 
ries in Table 5) were always over three times greater in those 
whose spouses smoked than in those whose spouses did not. 
Mean (and to a lesser extent median) hours of exposure was 
also quite different according to whether the spouse smoked. 

Although duration of passive smoking was strongly 
related to spouses’ smoking habits, substantial percentages 
of subjects married to smokers reported zero hours of 
exposure at home *(47 per cent of women and 39 per cent of 
men). Most of the smoking spouses of persons reporting zero 
(less than one) hours of exposure at home reported substan¬ 
tial amounts of smoking: 76 per cent of the smoking female 
spouses reported smoking 10 or more cigarettes per day. 
Among the male spouses who smoked cigarettes, 83 per cent 
reported 10 or more per day; among those who smoked 
cigars, 41 per cent reported three or more per day; and 
among those who smoked a pipe, 83 per cent reported three 
or more pipesful per day. Thus, it seems likely that many of 
the subjects who were married to these individuals were 
exposed at least one hour per week at home. 
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TABLE 4—Relation of Age to Reported Exposure of at least 

On# Hour per Week to any Passive Smoking and to 
Home or Small Area Passive Smoking 


Age 

Total 

Number* 

Home or Smal 
Space Exposure 

Any 

Exposure 

15*19 

1,170 

56.6% 

65.6% 

20*29 

6,831 

63.8 

78.2 

30*39 

7,854 

59.8 

/75.4 

40-49 

5,184 

52.4 

67.5 

50*59 

6,095 

46.2 

60.1 

60-69 

5,131 

31.1 

43.6 

70-79 

2,169 

16.7 

25.1 

80 + 

375 

9.5 

13.9 

TOTAL 

34,859’* 

49.6 

63.3 


•Number wfth responses to aff three pass^rt smoking questions, Slightly 
(0.4%) more responded to both the home and other small space exposure 
questions. 

Total on this and subsequent tables differs from total on preceding 
tabies (34,861) because two persons wrth unknown age, sex, or race were 
excluded. 


Being married to a non-smoker did not assure that a 
subject was not exposed to the smoke of others. Altogether 
40.5 per cent of women and 49.2 per cent of men married to 
non-smokers reported some passive smoking. Not surprising 
though was the low prevalence among these subjects of 
exposure at home—8.1 per cent in women and 6.2 per cent in 
men. 


Discussion 


These data show that passive smoking is a highly 
prevalent phenomenon, particularly among those below age 
70. Our data should not be extrapolated uncritically to the 
general population, however, since persons who take health 
examinations tend to be more health conscious 14 and may be 
more apt to avoid smoke or to live in homes where fewer 
people smoke. On the other hand, these subjects may be 
more sensitive to, and tend to overreport, exposure to the 
smoke of others. 

The range of possible health effects of this form of 
smoke exposure has not yet been fully explored, but suspi¬ 
cion has been raised about its contribution to aggravation of 
angina pectoris, 15 to lung cancer development, 2 to dyspnea 
accompanying chronic lung disease, 16 and to asthma 17 and 
respiratory infections in infants and children, as well as to 
minor complaints such as eye and nose irritation. 1 The 
concentration of carbon monoxide can be substantial in the 
atmosphere of poorly ventilated rooms where people are 
smoking 1 and the concentrations of carcinogens in side- 
stream smoke frequently exceed those in mainstream 
smoke. 1 * Should all or even a portion of the suspected health 
problems be clearly related to passive smoking the potential 
public health problem could be great, in view of the large$\2 
numbers of persons exposed. Of course, some effects mayO> 
require a greater intensity and/or duration of passive smokei^re 
exposure than most passive smokers experience. 

O© 

403 







.'wv/w.indusIrydocuments.ucsf.edu/docs^hkbjOC 


Sourc 



FRIEDMAN, ET AL. I 


TABLE 5—Percentages of Person* with Certain Characteristics Classified According to Dura¬ 
tion per Week of any Passive Smoking, Ail Races and Sexes Combined, Age- 
Adjusted 





Hours per week 



n 

m 

Characteristic 

0 

1-9 

10-39 

40 + 

P* 

4 

a 

► 

fc 

% 

Not currently married 

36.5 

41.4 

45.7 

42.2 

<.001 

/ 

No college education 

40.0 

26.3 

28.7 

35.0 

<.001 

Occupational hazard exposure 

30.4 

34.7 

36.5 

37.3 

<.001 


Marijuana at least once,/week 

3.8 

5.4 

7.0 

7.0 

<.001 

1 

Alcohol at least 3 drinks/day 

4.0 

5.0 

6.2 

7.5 

<.001 

A 

e? 


•P values based on Mante!-exten$>on test for linear trend.” Trends tn ege-speofic percentage* were similar for 
age groups <30. 30-49, and 50-69 but for most variables not for 70+ years. 




C 


Our data also indicate that studies of the effects of 
passive smoking should consider the correlates of this form 
of smoke exposure before concluding that it is responsible 
for some observed effect. Perhaps, for example, the greater 
alcohol consumption of passive smokers may be at least 
partly responsible if they experience more time off work. Or, 
persons with higher degrees of passive smoking may experi¬ 
ence a greater frequency of upper respiratory infections not 
because of the smoke but because they are exposed to more 
people. 

The strong relation of passive smoking to age points out 
the need for age specification or adjustment of data concern¬ 
ing passive smoking and health. The probably greater expo¬ 
sure of older persons when they were younger should be 
taken into account in studies of long-term effects. 

The findings for spouses show that whether married 
persons’ spouses smoke is strongly correlated with reported 
duration of passive smoking, both at home and over all. f 
However, using the spouse's smoking status to classify/ 
persons resulted, as far as can be discerned with our 


relatively crude questionnaire, in a considerable amount of 
misclassification. About 40-50 per cent of persons with non¬ 
smoking spouses reported some passive exposure and, con¬ 
versely, 30-35 per cent who were married to smokers 
surprisingly reported no exposure. Thus, although tradition- 
^al Greek 3 and Japanese 4 wives' passive smoking exposure 
f 'may have depended almost completely on their husbands’ 
smoking habits, contemporary US spouses' smoking habits 
are a very inaccurate index of passive smoking. They should 
only be used when no better data are available and with full 
recognition that true relations between passive smoking and 
health outcomes will be attenuated by such an assessment. 

We were concerned that surprisingly high proportions 
of persons reporting zero (less than one) hours of passive 
smoking were married to smokers. Possible explanations, 
other than errors in completing the questionnaire, include: 
all or most of the smoking by the spouse was done away 
from home; and s^me couples reporting being married may 
not have been living together but for some reason did not 
report that they were separated. 


TABLE 6—Distribution of Hours per Week of Passive Smoking (at home and total) among Married Persona not Currently Smoking 

According to Whether Spouse Was Currently a Non-amoker or a Smoker of Cigarettes, Cigars, or a Pipe; Married Couples 
Examined on the Same Day 


Hours per Week 


Female Non-emokers 



Male Non-Smokers 


Home Exposure If Mamed to 

Total Exposure if Mamed to 

Home Exposure * Married to 

Total Exposure rf Mamed to 

• Smoker 

Non-smoker 

Smoker 

Noo-emoker 

Smoker 

Non-smoker 

Smoker 

Nooemoker 

0 

47.4% 

91.9% 

35.4% 

59.4% 

39.4% 

93,8% 

28.8% 

50.8% 

1-9 

20.0 

5.5 

23.4 

27.8 

18.2 

5.4 

15.2 

32.3 

10-39 

17.1 

2.1 

20.0 

6.7 

27.3 

0.0 

33.3 

13.8 

40+ 

15.4 

0.5 

21.1 

6.0 

15.2 

0.8 

22.7 

3.1 

TOTAL 

99.9* 

100.0 

99.9* 

99.9* 

100.1* 

100.0 

100.0 

100.0 

Total Number 

175 

579 

175 

579 

66 

130 

66 

130 

Median hours 

1.0 

0.0 

6.0 

0.0 

5.0 

0.0 

14.0 

0.0 

Mean hours 

12.7 

1.0 

20.5 

5.6 

14.8 

0.4 

23.3 

4.8 

P~ 

<.001 

<.001 

< 

.001 

< 

:.001 

1 


Total not 100.0% because of rounding. 

~P value for linear trend of proportions married to smokers by four categories of passive smoking. Calculated according to Reiss. 13 
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In the absence of direct measurements of smoke expo- 
' * sure, which are impractical for large population studies, 
questioning the subjects would appear to be the best ap¬ 
proach for assessing their own passive exposure. As suggest¬ 
ed by some of the spouse data in this study, our question¬ 
naire is far from ideal* Nevertheless, there was a weak 

♦ 

positive correlation of Exposure duration with physiologic 
effects of smoking, particularly SCN levels, suggesting both 
that this questionnaire does provide an assessment of pas¬ 
sive smoking that has some validity and that passive smok¬ 
ing involves physiologically measurable degrees of smoke 
exposure in non-smokers. We recommend that further effort 
be devoted to improving methods for assessing passive 
smoking by questionnaire. 
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Summer Program in Epidemiology I 

The University of Massachusetts will host a three-week summer program in Epidemiology, July 
31-August 20, 1983 at the Amherst campus in western Massachusetts. The program includes both 
methodologic and substantive courses, with classes for those seeking an introduction to modem 
epidemiologic concepts as well as those desiring a review of recent developments in epidemiologic 
thinking. 

Thirteen courses will be offered, including Epidemiologic Methods (introductory and advanced 
levels). Introductory Biostatistics, Multivariate Methods in Epidemiologic Research, Clinical Epidemi¬ 
ology, Cancer Epidemiology, Cardiovascular Disease Epidemiology, The Epidemiology of Reproduc¬ 
tive and t Congential Disorders, Infectious Disease Epidemiology, Environmental and Occupational 
Epidemiology, Case Studies in Occupational Epidemiology, and Biomedical Writing. Invited faculty 
include excellent teachers and prominent researchers from leading universities. Registrants may 
receive credits toward graduate degrees or continuing medical education, or certification maintenance 
by the American Board of Industrial Hygiene. 

For more information contact: Dr. Nancy Dreyer, New England Epidemiology Institute, Depart¬ 
ment SC-15, P.O. Box 57, Chestnut Hill, MA 02167, (617) 734-9100. 
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Workshop on Indoor Air Quality 

Assessing Exposures to Environmental Tobacco Smoke 



Brian P. Leader*r 1 


Vtrhttf Auf mb 1999 


The combustion of tobacco indoors results in the emission of a wide range of air contaminants 
that art associated with a vinery of acute and chronic health and comfon effects. Exposures to 
environmental tobacco smoke (ETS) are assessed for epidemiologic studies and nsk assessment 
and risk management applications. An individual's or population's exposure to ETS can be assessed 
by direct methods, which employ persona! air monitoring and biomarkcrs, and indirect methods, 
which utilize various degrees of microenvironmental measurements of spices, models, and ques< 
tionnairts in combination with time-activiry information. The major issues related to assessing 
exposures to ETS are summarized and discussed, including the phyjtcaJ-chcmical naturt of ETS 
air contaminants, use of proxy air contaminants to represent ETS, use of biomarkers, models for 
estimating ETS concentrations indoors, and the application of questionnaires. 


KEY WORDS: Environmental tobacco smoke; exposure*; health efface. 



1. INTRODUCTION 

The health hazards associated with smoking have 
received extensive study and are well known. The Sur¬ 
geon General, in publishing 17 reports on the health 
consequences of smoking over the last 25 yean, has 
established a causal link between smoking and a variety 
of health effects, including lung cancer, other cancen, 
cardiovascular disease, and chronic obstructive lung dis¬ 
ease. It is estimated that smoking accounts for over 
300,000 deaths per year. . 

Recently, there has been a growing conc ern that 
exposure to environmental tobacco smoke (ETS) may be 
associated with adverse health and comfort effects in 
sonsmoken. This concern is enhanced by the recent 
growing interest in indoor air quality, the recognition 
that ETS is a major in door source, and the large number 
of people exposed to ETS. The health and comfort ef¬ 
fects of involuntary smoking have been extensively re¬ 
viewed in a National Research Council Report* 1 * and in 

1 Soho 1. Pierot FouaCaiiot Laboratory, Depa rt m en t of EpibemioJo©' 
A Public Health, Yak Uaivtmiy School of MebieiM, New Haves. 
Coe&toicuj 06520. 
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a rtpon of the U.S. Surgeon General. 131 Both reports 
concluded that exposure of nonsmokers to ETS results 
in (a) acute irritation of the eyes, nose, and throat and 
unacceptable odor; (b) upper airway problems in chil¬ 
dren, including increased prevalence of respiratory 
symptoms (cough, sputum production, and wheezing), 
decreased lung function, increased lower respiratory ill¬ 
nesses, and increased rates of chronic ear infections; and 
ic) an increased risk of lung cancer. The reports also 
noted that other outcomes, related to the growth and 
health of children, have been studied with positive as¬ 
sociations, including lower birthweight, and growth and 
development of children. 

Exposure assessment plays a central role in epide¬ 
miologic studies investigating the association berween 
ETS and a variety of health and comfon effects. Expo¬ 
sure assessment als o pla ys a central role in conducting 
risk assessments of ETS and in developin g risk manage¬ 
ment plans. In epidemiologic studies of ETS, accurate 
exposure information is crucial to minimizing effects of 
misclassifieation and influence of confounders, and to 
improving the probability of revealing exposure-re¬ 
sponse associations. In risk assessment, exposure as¬ 
sessment provides basic information ©o the exposure- 

mn • two 
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distribution curve (populations a: a range of exposures) 
for ETS and essential information to calculate dose. ETS 
exposure assessment is necessary in developing cost-ef¬ 
fective mitigation efforts to reduce or minimize ETS- 
associated risks and then to monitor progress toward the 
targeted risk reduction (risk management). 

Whatever the application of the ETS exposure in¬ 
formation gathered, it is crucial that the exposure data 
be gathered on a time frame related to the health or 
comfort effect of concern. Studies of ETS-associaied 
diseases (e.g., cancer) require ETS exposure measures 
integrated over periods of yean, whereas studies of ETS- 
associated acute effects (e.g., odor and eye irritation) 
require exposure measures over a period of a few min¬ 
utes. Specification of the biological response time under 
study is important in developing an ETS exposure as¬ 
sessment strate©'. 

Exposures to ETS consist of contact at the air 
boundary layer berween individuals and the environment 
with ETS air contaminants at specific concentrations for 
a specified time period. ETS exposures are therefore 
expressed as concentration multiplied by time. 

Direct and indirect techniques can be utilized which 
permit an accurate assessment of an individual’s or a 
population’s exposure to ETS. The direct method of ETS 
exposure assesses employees’ use of personal monitor¬ 
ing and biomarkers, whereas the indirect method models 
exposures through the use of air-sampling, space mea¬ 
surements, and questionnaires. Persona! monitors mea¬ 
sure ETS air contaminant concentrations at or near the 
breathing zone and are worn by an individual as he or 
she conducts their daily activities. Thus they provide an 
integrated measure of exposure. Biomarkers of ETS are 
actually indicators of dose, which can be used as sur¬ 
rogates for exposure. It is, however, generally very dif¬ 
ficult to relate biomarker levels to specific air exposures 
because of limitations in the understanding of such fac¬ 
tors as uptake, distribution, metabolism, and site and 
mode of action of the contaminants. _ 

The indirect method of assessing ETS exposures 
utilizes air-sampling measurements of ETS contaminants 
in spaces, modeling, and questionnaires to estimate ETS 
concentrations in indoor environments. These measured 
or modeled concentrations art then combined with es¬ 
timates or measurements of an individual’s time in those 
environments to calculate exposure. 

Direct and indirect methods can and are being ap¬ 
plied in epidemiologic studies whi ch te st various hy¬ 
potheses of and association between ETS exposures and 
a range of acute and chronic health effects and comfort 
effects and in estimating ETS exposures for risk assess¬ 
ments and in ETS risk management efforts. The methods 


employ advances in the identification of marker or proxy 
air contaminants for ETS. air-monitoring methods, mod¬ 
eling, questionnaires, and biomarkers. 

This paper will consider some of the major issues 
relevant to assessing human exposure to ETS. Current 
information on the nature of ETS, the use of marker or 
proxy compounds for ETS, measured personal exposures 
to ETS proxies, measured concentrations of ETS proxy 
air contaminants in various indoor environments, use of 
ETS biomarkers, current models for assessing ETS proxy 
concentrations, and the use of questionnaires for assess¬ 
ing exposure to ETS will be summarized and discussed. 


2. PROPERTIES OF ETS 


ETS is a complex mix of over 3,800 chemicals 
found in the vapor and panicle phases. The physical and 
chemical nature of ETS is discussed in some detail in 
both the National Research Council’s (NRC) 1 and Sur¬ 
geon General’s ,J) reports on ETS and will only be briefly 
summarized here. 

ETS is comprised of exhaled mainstream smoke 
(MS) from the smoker, sidestream smoke (SS) emitted 
from the smoldering tobacco between puffs, contami¬ 
nants emitted into the air during the puff and contami¬ 
nants that diffuse through the cigarette paper. SS is the 
principal contributor to ETS. SS exhibits pronounced 
physical and chemical differences from inhaled MS due 
to differences in the temperature of combustion of the 
tobacco, pH, and degree of dilution with air accom¬ 
panied with a corresponding rapid decrease in tempera¬ 
ture. SS is generated at a lower temperature (600*C vs. 
900*Q and at a higher pH (6.0 to 6.7 vs. 6.7 to 7 J) 
than MS. SS is diluted rapidly with air. The size of SS 
particles is smaller than MS panicles due to the dilution 
of the smoke. At the higher pH of SS, the proportion of 
unprotonated nicotine in the smoke increases, with SS 
nicotine predominately in the vapor phase (in MS ni¬ 
cotine is principally in the particle phase). 

Chemical characterization of MS and SS air con¬ 
taminant emissions has typically utilized standardized 
testing protocols. These protocols employ smoking ma¬ 
chines, set puff volumes and frequencies, and air con¬ 
taminant collection protocols (chambers on the order of 
I ft 3 , air flow rates, etc.). MS and SS air contaminant 
emission rates determined in these studies can be im¬ 
pacted by a number of factors, such as puff volume, air 
dilution rate, paper porosity, and moisture content of the 
tobicco. Little emission data has been collected under 
conditions more typical of actual smoking conditions (e.g., 
using smokers rather than smoking machines). Data 
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available from studies employing smoking machines in¬ 
dicate that emissions of a number of notable air contam¬ 
inants. including several carcinogenic agents, are higher 
in SS smoke than in MS smoke (carbon monoxide, am¬ 
monia, nicotine, tobacco specific citrosamines, 
benzofa^pyrene, benzene, aromatic amines, etc.). It is 
important to note, however, that while the SS emissions 
are higher than MS emissions for many compounds, the 
dilution rate into the environment of SS is rapid, thus 
resulting in lower aged ETS concentrations of the con¬ 
taminants than would be found in MS. It is not known 
bow the MS and SS air contaminant emission data gen¬ 
erated by the standardized testing protocols compares to 
data gathered under conditions more representative of 
actual smoking conditions. 


3. PROXIES FOR ETS 

Contaminants found in indoor air comprise a broad 
and complex spectrum of organic chemicals in gaseous 
and paniculate forms, as well as a range of viable par¬ 
ticulates, which exhibit pronounced spatial and temporal 
variations and originate from a variety of sources (out¬ 
door air, occupants, environmental controls, and build¬ 
ing materials). It is difficult to assess the ETS contribution 
to indoor air contaminant concentrations in the back¬ 
ground of contaminants from a variety of other sources. 
Some of the ETS contaminants are associated solely with 
the combustion of tobacco (e.g., nicotine and tobacco- 
specific nitrosamines), whereas others are emined by a 
number of other sources in the outdoor and indoor en¬ 
vironment (e.g., carbon monoxide and respirable sus¬ 
pended particles). Given this complex mix, it is neccssary 
to identify an air contaminant or class of air contami¬ 
nants for monitoring that would be indicative of the pres¬ 
ence and amount of ETS in an indoor space. Such a 
contaminant or class of contaminants are called tracer, 
marker, or proxy compounds. 

Over the last several yean, sevtra! mark er air con¬ 
taminants have been used to represent ETS concentra¬ 
tions in both chamber and field studies. Carbon monoxide, 
nitrogen oxides, acrolein, aldehydes, benzene, toluene, 
tobacco-specific rutrosimines, vapor- and panicle-phase 
nicotine, isoprene, pyridine, myosmine, particle-phase 
nicotine and cotinine, respirable suspended panicles, po¬ 
lonium-210, potassium, chromium, and benzo[a]pyrene 
are among the many air contaminants that have been 
used or proposed for use as indicators of the presence 
of ETS. (U7) All the markers used to date have some 
problems associated with their use, for example, carbon 
monoxide and nitrogen oxides have many indoor and 


outdoor sources other than the combustion of tobacco, 
whereas such compounds as nitrosamines. benzo[a]pyrene. 
etc. are sufficiently difficult to measure (concentrations 
in smoking environments are low, cost of collection, and 
analysis of samples, eic.), such that their use is very 
limited. 

A marker or proxy for ETS should be (a) unique to 
tobacco; (b) easily detected in air at low concentrations: 
(c) similar in emission rates for a variety of tobacco 
products; (d) in a consistent ratio to individual ETS con¬ 
taminants of health or comfort interest; and tel easily, 
accurately, and cost effectively measured. It should be 
dearly stated that the above criteria for selecting a suit¬ 
able marker compound are the ideal criteria and that in 
practice no single contaminant or class of contaminants 
have been identified which would be ideal. There is in 
fact no single ranker which is universally accepted or 
recognized as re presenting ETS. Selection of a suitable 
marker for ETS reduces to satisfying as many of the 
criteria for judging a marker as is practical and recog¬ 
nizing the limitations of the selected marker compound. 
At the present rime, respirable suspended paniculate mane: 
(RSP, panicle mass < 2.5 um) and vapor-phase nicotine 
are widely and most commonly used as markers of the 
presence and concentration of ETS. These are used for 
a variety of reasons including their case of measurement, 
existing knowledge on their emission from tobacco com¬ 
bustion, and their relationship to other ETS contami¬ 
nants. 

The combustion of tobacco results in the emission 
of large quantities of RSP into the indoor environment, 
amounts which result in easily measurable RSP increases 
over background levels even under conditions of high 
ventilation and low smoking rates. Included in the ETS- 
generated RSP is a large number of compounds of direct 
health interest/ 141 Indoor RSP background levels ema¬ 
nate from both outdoor and indoor sources, other than 
ETS, and are chemically and biologically different from 
ETS-associated RSP. RSP exposures associated with ETS 
are of particular interest because there are outdoor par¬ 
ticle health standards 10 standard, SOtig'm’ annual 
average and ISO not to be exceeded more than 
one 24-hr period a year) established by the U.S. Envi¬ 
ronmental Protection Agency (EPAy* 1 , which provide a 
frame of reference in inter preti ng measured RSP con¬ 
centrations associated with ETS. There art also a num¬ 
ber of accepted methods (gravimetric, optical, 
piezoelectric, etc.) to easily and inexpensively measure 
personal RSP exposures and concentrations in indoor 
environmems. 

Unlike mainstream smoke, approximately 95% of 
the nicotine in ETS is in the vapor phase. lVU> Nicotine 
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is unique to tobacco with no other known indoor sources. 
In addition, nicotine and cotinine, a metabolitic byprod¬ 
uct of nicotine, measured in blood, urine, and saliva arc 
used extensively as biomarkers of exposure to ETS and 
active smoking" Nicotine is not, however, a suspected 
active agent in causing adverse health effects. A vinery 
of inexpensive and accurate active methods for sampling 
nicotine in air have been developed which can be used 
to measure nicotine in different microenvironments or 
for personal monitoring for periods of a few hours to 
approximately 24hrs. aft “ U) More recently, an inexpen¬ 
sive and accurate passive monitor for nicotine has been 
reported 15 * which makes it possible to measure nicotine 
persona! exposures and indoor concentrations in indoor 
environments over periods of 1 day to several weeks. 
The active and passive nicotine monitors make it pos¬ 
sible to measure nicotine persona! exposures in large 
numbers of individuals and nicotine concentrations in a 
wide variety of indoor spaces. 

Two studies hive been recently reported which 
evaluated nicotine emissions from a variety of brands of 
cigarertes. One srudy< u > assessed SS nicotine and RSP 
emissions from 12 brands of Canadian cigarettes in a 
small chamber (approximately 1 ft 5 ) using a smoking 
machine, whereas the other*** evaluated ETS (SS plus 
exhales MS) nicotine and RSP emissions from 12 brands 
of American cigarettes in a large environmental chamber 
(34 m 3 ) where smokers smoked the cigarettes. Both stud¬ 
ies Teponed high emissions of nicotine and RSP with 
relatively little variability among brands. Emissions of 
both nicotine and RSP were such that they could be 
easily measured in indoor spaces where smoking occurs. 
However, there were differences in reported emission 
levels between the studies, which were probably related 
to differences in the experimental protocols employed. 
The large chamber study employing smokers reported an 
average RSP to nicotine emission ratio (across all brands 
of the U.S. cigarettes tested) of 13.4 s 2J. It is not 
known how nicotine concentrations relate to levels of 
the wide range of contaminants in ETS (particle or gas 
phase) or those contaminants which may be associated 
with the health or comfort effects of interest 


4. RSP AND NICOTINE LEVELS ASSOCIATED 

vrrr h smoking 

There are relatively few stu dies reported which hivt 
measured personal exposures to ETS-associated RSP and 
Iucotine. t, - 2, The few- published studies demonstrate that 
nonsmoking individuals who spend time in indoor en¬ 
vironments where smoking occurs have higher personal 
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exposures to both RSP and nicotine. The results of the 
most extensive study of RSP personal exposures con¬ 
ducted to date (24 hr concentrations for 101 nonsmoking 
individuals) is shown in Fig. l. tlS) The impact of ETS 
on personal RSP exposures is dear. There aje a number 
of studies currently underway investigating the role of 
ETS on persona! exposures to nicotine (e.g., see R efs. 
16-18). The nature of the relationship between ETS and 
personal exp o s ures to RSP and nicotine at this point is 
not well quantified. 

Numerous studies of RSP levels in indoor environ¬ 
ments have shows elevated levels of RSP when any to¬ 
bacco combustion was reported (see Ref. 1, Table 5-1; 
and Ref. 2, Chapter 5, Table 14, for a summary of the 
results of those srudies). The tables demonstrate that 
smoking 1 occupancy is strongly associated with elevated 
levels of RSP in a variety of indoor environments at 
levels well above outdoor concentrations and indoor con¬ 
centrations where there is nonsmoking occupancy. RSP 
levels associated with smoking occupancy can vary from 
a few ngm 3 to over several hundred ugm 3 and can 
easily surpass reference levels specified in the U.S. £PA 
PM 10 ambient air qualiry standard. The impact of to¬ 
bacco combustion on RSP levels in the residential en¬ 
vironment is demonstrated in Fig. 2. Figure 2 clf * shows 
the RSP concentrations measured indoors and outdoors 
every sixth day for up to 2 years in SO homes in six 
U.S. cities. The authors estimate that the impact on RSP 
levels in a residence of a pack-per-day smoker was ap¬ 
proximately 20ug'm 3 . 

In a recent study, l«week RSP samples were col¬ 
lected in 400 homes' 20 * during a heating season. Exten¬ 
sive information was collected on the sources and source 
use during the sampling period. Homes without sources 
(100) had an average RSP concentration of 22ugm 3 
whereas residences reporting tobacco combustion and no 
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other sources had an average measured RSP concentra¬ 
tion of 65wgm 3 (60 homes). RSP levels were found to 
be strongly associated with the number of cigarettes re¬ 
ported smoked in the residence. Nicotine concentrations 
were measured in a subsample of 96 of the 400 resi¬ 
dences.- 5 ' In the subsample, nicotine was strongly as¬ 
sociated (Fig. 3) with both RSP levels (r*»0.7l) and 
cumber of cigarettes reported smoked (r^O-ST). The 
RSP nicotine ratio in homes where there was measurable 
nicotine was 10.8, very close to the average ratio of 13.4 
reported in a series of large chamber studies for a variety 
of brands of cigarettes.* S) This study suggests that vapor- 
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phase nicotine may be a good proxy for £TS-associa:ed 
RSP, as well as general proxy for ETS. 

Field studies in a variety of indoor environment 
studies have shown easily measurable levels of nicotine 
in the air even at low smoking rates. References 1 and 
2 contain summaries of nicotine levels measured in a 
vinery of environments prior to 1986. More recent data 
employing new active and passive nicotine monitors tn 
residences, aircraft, public buildinp, and offices indi¬ 
cate that nicotine concentrations indoors can rang: from 
0,1 nym 5 to over 60 ngm* 5 jf the RSP 
nicotine ratio observed in chamber and field studies of 
approximately 10 bolds, this would correspond to ETS- 
aasociated RSP levels of 1 to over 600 u.g,m 3 . 

It is important to emphasize that the measurement 
of ETS-associated RSP and nicotine in indoor environ¬ 
ments does not directly constitute a measure of exposure. 
The concentrations measured in ail indoor environments 
have to be combined with time-activity patterns in order 
to determine the average exposure of an individual as 
the sum of the concentrations in each environment weighed 
by the time spent in that environment. 


5. bio markers 


In recent years there has been a growing interest in 
the analysis of physiological fluids for specific com¬ 
pounds which are a direct indicator of exposure to ETS. 
Thiocyanate, carboxyhemoglobin, nicotine and cotinine, 
hydroxyproline, .V-nitrosoproIine, aromatic amines, gen- 
otoxiciry, and protein or DNA adduct measurements m 
physiological fluids have all been considered as indica¬ 
tors of dose, resulting from either active or passive smoke 
exposure. While these biomarkers are indicative of dose, 
and hence an indicator that an exposure has uken place, 
they may not be directly related to potential for devel¬ 
opment of the adverse effect under study (not the con¬ 
taminant directly implicated in the effect of interest) and 
can show considerable variability from individual to in¬ 
dividual due to differences in uptake, distribution, and 
metabolism. Some of these markers may not be specific 
to ETS exposure (e.g., carboxyhemoglobin), whereas 
others (e.g., thiocyanate) may be useful for active smoke 
exposure but not sensitive tnough for ETS exposures, 
Biomarken are indicators of dose and demonstrate that 
an exposure has taken place. 

' Measurements of nicotine and cotinine (a metabolic 
byproduct of nicotine) in the blood, urine, and saliva are 
specific to tobacco smoke exposure and h ave b een widely 
used as indicators that an exposure to ETS has taken 
place. Such measurements are also valuable in deter- 
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mining total or integrated short-term (on the order of 
hours to days) dose to ETS across all environments where 
in individual spends his or her time.‘ 1 ~ l Nicotine is a 
measure of very recent exposure (on the order of min¬ 
utes), while continine is a measure of exposure over 
several hours. Nicotine and particularly continine in 
physiological fluids are currently the bast available bi¬ 
omarkers for ETS but are difficult to relate to actual air 
exposures. Figure 4' 2 * 1 demonstrates the range of urinary 
cotinine levels measured in smokers, individuals report¬ 
ing ETS exposure, and individuals reporting no active 
smoking or ETS exposure. A number of ongoing studies 
are using nicotine and cotinine as indicators of both ex¬ 
posure and dose for ETS. (lta, * 2 * ) Nicotine or cotinine in 
physiological fluids, however, may not be indicative of 
the contaminant related to the effect. Furthermore, it 
does not provide an exact measure of ETS exposure in 
any one environment, nor does it provide information 
on the environmental factors (source use, ventilation in 
buildings, etc.) impacting the concentration in the en¬ 
vironments in which people spend their time. 
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many cases, particularly for risk assessment, risk 
management, or retrospective epidemiologic studies, it 
is not feasible nor desirable to obtain a measure of ex¬ 
posure to ETS via personal monitoring of proxy contam¬ 
inants or via the measurement of biomarkers. In such 
cases, models are used to assess ETS concentrations in 
various indoor environments and to estimate total ex¬ 
posures. The modeling of the magnitude, duration, and 
frequency of ETS-related concentrations in various in¬ 
door spaces employs various degrees of monitoring and 
questionnaires to estimate ETS air concentrations in the 
space. The estimated concentrations can then be com¬ 
bined with time-activity patterns (population or individ¬ 
ual time budgets) to determine the average exposure of 
an individual as the sum of the concentration in each 
environment as weighed by the time spent in that envi¬ 
ronment. 

Air-conuminmt concentrations from tobacco com¬ 
bustion and other indoor sources in any environment are 
the result of a complex interaction of several interrelated 
factors. In the indoor nonindustrial environment these 
factors include such variables as: (a) the type, nature 
(factors affecting the generation rate of the contami¬ 
nants), and number of sources; (b) source-use charac¬ 
teristics; (c) building characteristics; (d) infiltration or 
ventilation rites; (e) air mixing; (f) removal rites by 
surfaces, chemical transformation, or radioactive decay; 
(g) existence and effectiveness of air-contaminant re¬ 
moval systems; (h) outdoor concentrations of the con¬ 
taminants; and (i) meteorologic conditions. The 
development of accurate models for the prediction of 
ETS associated with air-contaminant levels in indoor en¬ 
vironments, and over time periods for which no air-con¬ 
taminant concentrations are available, requires information 
on the above factors. 

Modeling efforts directed toward predicting ETS 
air-comaminant concentrations have used the theoretical 
framework of the mass balance equation (Tigs. 5-4 and 
$-5 of Ref. I, which are based upon the mass balance 
equation, allow for the easy calculation of RSF mass 
from ETS in indoor environments for a range of condi¬ 
tions). Using known emission rates of RSP for tobacco 
combustion in combination with data from several sources, 
including both measured and estimated parameters (RSP 
emission rates, smoking densities, infiltration or venti¬ 
lation rates, deposition rates, etc.), a condensed version 
of the mass balance equation for estimating ETS-gtn- 
erated RSP levels in a variety of indoor microenviron- 
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menu his been developed by Repace and Lowrey. ,r * 2#l 
TheiT condensed mode! is given by: 

- K(D m S\) 

where C„ is the equilibrium RSP concentration in a space 
due to smoking in m 3 ; D* is the number of active 
smokers (burning cigarettes) per 100 m 3 ; S\ is the in* 
flltration/ventilation rate for the space in air changes per 
hour; and K is calculated from standard conditions 
(smoking rates, RSP emission rates, mixing rates, vtn- 
tilation rates, and particle loss rates to surfaces) and is 
equal to 217 for spaces with three or more smokers, 1*5 
for two smokers, and 72 for one smoker. 

Limited field tests of the mode! have predicted ETS- 
related RSP levels in a variety of indoor environments 
reasonably well over a range of concentrations. The model 
is being used in combination with time-activity patterns 
with good success to estimate ETS exposures retrospec¬ 
tively and for risk assessment. Additional field testing 
of the model, as well as a better understanding of the 
variability of the input parameters, is needed. With re¬ 
cent chamber and field data indicating a fairly fixed ntio 
between RSP and vapor-phase nicotine for ETS, the above 
model is being expanded to incorporate nicotine mea¬ 
surements. 


7. QUESTIONNAIRES 


Questionnaires have been used extensively in epi¬ 
demiologic studies for the classification of individuals 
into broad categories of ETS exposure based upon self- 
reports of exposure. They* have been used exclusively 
for determining exposure category in the studies of ETS 
and lung cancer. In using questionnaires to determine 
ETS exposure categories, issues such as quality of the 
data, whether acute or chronic effects are under study, 
accounting for major confounding exposures and ac¬ 
counting for ETS exposures in ill relevant environments 
has to be considered. Failure to address such issues can 
result in serious misclassifications of respondents by ex¬ 
posure category, and can mask possible exposure-re¬ 
sponse relationships. Questionnaires used to assess ETS- 
exposure categories need to be standardised and vali¬ 
dated. There are, currently, a number of such studies 
underway (e.g.. Refs. 16-18,24). 

Questionnaires are also used to obtain information 
on the physical environments in which exposures take 
place and the factors affecting the exposures in those 
environments (volume, number of cigarettes, etc.), as 
well as the amount of time people spend in those envi¬ 
ronments (time budgets). Questionnaires are an indirect 
measure of exposure and as such cannot provide infor¬ 
mation on specific exposure levels, although information 
obtained from them are essential inputs to models di¬ 
rected toward predicting ETS concentrations in different 
environments and total personal exposure. 


Assessing active smoking in support of health stud¬ 
ies has become fairly well standardized through the use 
of questionnaires, which obtain detailed information on 
a subject*! current and past smoking habits. Unlike ac¬ 
tive smoking, standardized methods for assessing ex¬ 
posures to ETS do not exist. Epidemiologic studies and 
risk assessment efforts of the acute and chronic health 
effects of ETS have been handicapped due to limitations 
in assessing exposures to ETS. ETS exposures occur 
over a wide range :f concentrations for highly variable 
time periods and in numerous indoor environments. Pre¬ 
vious epidemiologic studies of the chronic effects of ETS. 
particularly of lung cancer, have determined exposure 
solely by questionnaires, which have not been standard¬ 
ized or validated. 11 *** These questionnaires typically have 
obtained information on smoking habits of occupants of - 
residences to assess ETS exposures and have not ade¬ 
quately addressed the impact of occupational ETS ex¬ 
posures. The use of such questionnaires raises die potential 
for problems in misclassification of subjects by exposure 
status and obscures the existence of possible exposure- 
effect relationships. 


t. SUMMARY 

Environmental tobacco smoke is a major and com¬ 
plex source category of indoor air contaminants. Expo¬ 
sures to ETS art associated with a wide range of acute 
and chronic health and comfort effects. Tobacco com¬ 
bustion indoors, even at low smoking and high ventila¬ 
tion infiltration rates, results in increases in concentrations 
of a number of notable air contaminants, including a 
number of carcinogenic agents. Vapor-phase nicotine and 
the general category of respirable suspended panicle mass 
are at present the best proxy air contaminants to rep¬ 
resent ETS indoors. Indoor concentrations of both air 
contaminants are subsuntially increased when smoking 
occurs. Cot ini ne measurement in physiological fluids is 
currently the best a vaila ble biomarker to indicate, indi¬ 
rectly, exposure to ETS for nonsmokers. 

Exposures to ETS must be assessed on a time frame 
consistent with the health or comfort effect of concern. 
Methods for assessing ETS exposure include personal 
air monitoring, air monitoring of spaces, biomarkers. 
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modeling, and queitionnaires. In recent years there have 
been substantial advances in the development and re¬ 
finement in these methods. These advances are now being 
incorporated into epidemiologic studies of the adverse 
health and comfort effects associated with ETS expo¬ 
sure, and in risk assessment and risk management ap¬ 
plications. The use of any one exposure assessment method 
for any application is determined by the overall objective 
of the study and the resources available. Some applica¬ 
tions may utilize only one of the techniques available 
(e.g., questionnaires to assess retrospective exposures), 
while other applications will use several or ail the tech¬ 
niques (e.g., questionnaires, aix monitoring, and bio¬ 
markers in a prospective study). 
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SCHENKER, M., HAMMOND,*., SAMUELS, S., KADO, N. & WOSKJE, S., University 
of California, Davis p 

•Assessment of environmental tobacco smoke exposure in epidemiologic studies* (P. 313-4) 

•There is growing scientific evidence for an increased risk of lung cancer and other 
respiratory diseases from exposure to environmental tobacco smoke (ETS). However, many 
epidemiologic studies have relied only on self reported ETS exposure, which may result in 
exposure misclassification and a reduced ability to observe an effect if one is present. We 
measured respirable nicotine as a specific marker of ETS exposure in a field study of railroad 
workers. Nicotine was collected on personal sampling pump filters treated with sodium 
bisulfate and analyzed by gas chromatography with nitrogen detection. Each worker wore a 
personal sampling pump for two consecutive work days and completed a questionnaire a^the 
end of the second day. Mean (± SEM) respirable nicotine concentrations (RNCs), (pg/m ) were 
highly correlated with the number of cigarettes smoked among active smokers, and there was 
only a small difference in RNC between smokers who worked indoors and outdoors. Among 
non-smokers, RNCs were highest for the indoor office workers (n«12, x*10.2 £22) 
Intermediate for workers in a large indoor repair facility (n»13, x*5.8 ± 3.4), and lowest for 
outdoor workers (n*73, x«0.4 ± 0.1). There was no association between RNC and self reported 
exposure to ETS or the number of smokers to whom a non-smoking worker reported exposure 
during the shift. This absence of association persisted within the indoor and outdoor worker 
groups. The RNCs are being used to evaluate various biologic markers of ETS exposure 
measured at the end of the same shift (expired CO, urinary thiocyanate, cotinine and 
mutagenicity). We conclude that self reported exposure to ETS is an inaccurate measure of 
passive smoking in the occupational setting.* 
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Variability of Measures of Exposure to Environmental 
Tobacco Smoke In the Home ” 4 


DAVID & COULTAS, 1 JONATHAN M. SAMET, JOHN F. MCCARTHY, and JOHN 0. SPENOLER 



Introduction 

Numerous epidemiologic investigations 
have examined the advene effects of pas¬ 
sive smoking on children and adults; the 
evidence is sufficiently compelling to es¬ 
tablish passive smoking as a cause of dis¬ 
ease in nonsmoken (1, 2). Both the 1986 
Surgeon General’s Report (1) and the Na¬ 
tional Research Council (2) have conclud¬ 
ed that passive smoking '“•uses increased 
lower respiratory illness in infants, in¬ 
creased respiratory symptoms in children, 
reduced lung growth during childhood, 
and lung cancer in nonsmoken. Al¬ 
though health effects of passive smok¬ 
ing have been convincingly demonstrat¬ 
ed, additional research is needed to ad¬ 
dress unresolved issues concerning this 
preventable exposure. For example, more 
precise description of exposure-response 
relations should be achieved for the al¬ 
ready established health effects. Uncer¬ 
tainties concerning the adverse effects of 
passive smoking in the workplace and on 
the occurrence of ischemic heart disease 
must also be resolved. 

The conduct of this research would be 
facilitated by improved methods for ex¬ 
posure assessment In most epidemiologic 
studies on passive smoking published to 
date, exposure to environmental tobacco 
smoke, the combination of exhaled mam- 
stream smoke and sidestream smoke, has 
been assessed by questionnaire. Hc7*ever, 
exposure to environmental tobacco smoke 
can also be estimated with air monitor¬ 
ing and measurement of biologic mark¬ 
ers in body fluids, such u salivary coti- 
iring- Biologic markers are increasingly 
emphasized as a standard for validating 
questionnaire responses. To characterize 
the relationships among these alternative 
approaches for assessing passive smok¬ 
ing in the home environment, we con¬ 
ducted a prospective study of 10 house¬ 
holds. We periodically collected ques¬ 
tionnaire information eu exposure and 
measured respirable particles and nico¬ 
tine in air samples and urinary and sali¬ 
vary cotininc in the 10 nonsmoken in 
these households. 
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Sample Select#* 

Between February and December 1916, 149 
nonsmoking volunteers, 18 yean of age and 
older, were recruited from Albuquerque ind 
surrounding comm urn ties to participate in a 
study of the accuracy of questionnaire assess¬ 
ment of exposure to environmental tobacco 
smoke (3). From this sample, we selected 10 
subjects living with at least one cigarette 
smoker and requested the participation of ’he 
entire household for this instigation. The 
households were selected on the basis of will¬ 
ingness to participate and location, and wrre 
not intended to be representative of the origi¬ 
nal sampk. 

Data Collection 

Between March and October 1986, wt ob¬ 
tained exposure questionnaires, saliva and 
urine, and air particle samples on 10 tarnpling 
days: every ocher day over 10 days, and then 
1 day every other week over 10 wk. The quaa- 
ponnaim and saliva and urine specimens were 
obtained at the end of a 24-h air monitoring 
period (described below). From the question¬ 
naires. we determined the reported number 
of snoken and oumber of hours that the sub¬ 
jects were exposed during the previous 24 h 
to cigarettes, cigars, and pipes ax home, at 
work or school, in a vehick, and is oibm 
places. Quesboanairea were sdf-compkted by 
the aduha, and by a parent for children 14 
yean of age and younger. Spot saliva and 
urine specimens were obtained and frozen 
at -20* C until the couninc assays were 
performed. 


Connin ■ Assay 

Couninc was quantitated by a double anti¬ 
body rtHiAmmunftttuv u described by Lan- 
gone and coworken (4). A specific anuserum 
produced in rabbits was supplied by Dr. He¬ 
len Van Vunakis (Brandris Umvrrury). Urine 
samples were diluted 14 for the assay. The 
sensitivity of the assay in our hands was >6 
pg/rube or 0.78 ng/mi of urine (4J04 
pmoL/L). Urine creatinine concentrauoai 
wrrt determined by the Jaffc reaction (5), and 
the counine co p e ep u ndo as acre g*rvdrrhywri 
to the creatinine concentrauoai Assay* were 
performed without knowledge of question¬ 
naire responses. 
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Dau analyse* wnt performed with stan¬ 
dard programs of the Statistical Analysis Sys¬ 
tem (I). 


RmuKs 

The !0 households included 11 cigarette 
smokers and 20 nonsmokers, 11 females 
and nine males 1.5 to 74 yr of age. The 
homes included eight unattached single 
family houses, one mobile home, and one 
apartment. 

Reports on exposure to tobacco smoke 
in the home were obtained for all 10 sam¬ 
pling days from 17 subjects, and for 9 
days from three subjects. The reported 
number of cigarette smokers in the home 
per day did not vary widely. The median 
number (range) of smokers per day was 
one for 18 of the nonsmoking subjects 
(zero to 10), zero for one subject (zero 
to 1), and four for one subject (2 to 25). 
Greater variability was reported for the 
number of hours exposed to cigarette 
smoke in the home, with the median 
number of hours ranging from zero to 


Particle Measurements 

In the major activity room of each home. Har¬ 
vard School of Public Health impacton (6), 
operating at a flow rate of 4 L/min. were used 
to collect respirable panicles and gaseous 
nicotine samples. Through a timed solenoid 
switching valve, two impactors used a com¬ 
mon, mass-flow controlled pump, and each 
impactor operated on alternate 15-min col¬ 
lection cycles. Respirable particle samples, 2J 
lim in diameter or less, were collected on 
Tenon* filters (Membrana, Inc., Pleasanton, 
CA), and nicotine was collected on sodium- 
bisulfate-treated glass fiber filters (Millipore 
Corp., Bedford, MA) to minimize its volatili¬ 
zation. After extraction from the filter, anal¬ 
ysis for nicotine was done on a Shimadzu 
GC7A gas chromatograph (Columbia, MD) 
with a flame ionization detector. The nico¬ 
tine collection and extraction procedure is a 
modification of that described by Hammond 
and coworkers (7). The recovery of nicotine 
by this procedure has been shown to be 98* 
efficient. The sensitivity for detection of 
respirable panicles and nicotine wu 5.0 ug 
and 0.05 ppm, respectively. 


Data Analysis 

Variability of questionnaire responses, respira¬ 
ble panicle and nicotine concentrations, and 
urinary cotinine levels were with 

univariate analyses. From the questionnaire 
responses, we used the total number of house¬ 
hold smokers, including cigarette, cigar, and 
pipe smokers, and the total number of hours 
exposed as the measures of home exposure. 
The predominant source of tobacco smoke 
was from cigarette smoking. During the en¬ 
tire sampling period, there were only 4 days 
in which any subject reported exposure to a 
cigar smoker, and none reported exposure to 
a pipe smoker. 


To examine determinants of the variability 
in the measurements, we used multiple linear 
regression. The dependent variables (respira¬ 
ble particles, nicotine, urinary cotinine, and 
salivary cotinine) were analyzed as continuous 
variables. For the predictive factors, indicator 
variables were defined for house (HOUSE ■ 
1 to 10), individual (INDIVIDUAL - 1 to 
20), age group (ACE GROUP < 18 yr versus 
> 18 yr), season (SEASON • March-April 
versus May-Octobcr), and number of smok¬ 
ers per day (NUMBER * zero versus > 1). 
Other independent variables, number of hours 
(HOURS) exposed per day, respirable pani¬ 
cles, and nicotine were continuous. 


11 h. 

Respirable particle and nicotine con¬ 
centrations were obtained for 99* of the 
sampling days (figures 1 and 2). The 
mean concentrations of respirable parti¬ 
cles in the 10 homes ranged from 32.4 
Hg/m J (SD - 13.1) to 76.9 jig/ra* (SD 
■ 32.9), and concentrations of nicotine 
ranged from 0.6 ng/m J (SD * 0.69) to 
6.9 ng/m J (SD * 8.2). Spearman's corre¬ 
lation coefficient between the respirable 
panicle concentrations and the nicotine 
concentrations was 0.54 (n * 99, p * 
0 . 0001 ). 
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TABU! 1 

COEFFICIENTS OF DETERMINATION FOR THREE LINEAR REGRESSION 

models* predicting respirable particle ano 

NICOTINE CONCENTRATIONS IN AIR SAMPLES 
FROM 10 HOMES. NEW MEXICO. 1SBS 
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TABU 2 

REGRESSION COEFFICIENT! FOR MOOEL THREE' PREDICTING 
RESPIRABLE PARTICLE AND NICOTINE CONCENTRATIONS IN 
AIR SUPPLY FROM 10 HOMES, NEW MEXCO. IMS 
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The variability of respirable panicle 
and nicotine concentrations for the two 
sampling periods, every other day or ev¬ 
ery other week, were described with one¬ 
way analysis of variance. For the respira¬ 
ble panicle concentrations, the intra¬ 
house mean square error, describing the 
extern of variation for a particular house¬ 


hold, was greatest for sampling every oth¬ 
er day (516.8) compared with every oth¬ 
er week (258.7). A contrasting pattern of 
variation was observed for nicotine, with 
mean square errors of 3.6 and 19.0 for 
every other day and every other week, 
respectively. 

For the panicle and nicotine measure- 
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meats, we used linear regression to ex¬ 
amine factors influencing the concentra¬ 
tions and the variability of the concen¬ 
trations. A model that included variables 
representing each of the 10 houses ex¬ 
plained the grcittst amount of variabili¬ 
ty, as shown by the magnitude of the R* 
value (table 1). Compared with the model 
with the variables for individual homes, 
the models that included number of 
smokers explained markedly lower per¬ 
centages of the variability of levels of 
nicotine and panicles. Although not sta¬ 
tistically significant, increases in respira¬ 
ble panicles were associated with expo¬ 
sure to one or more cigarette smokers in 
the home and with the colder months, 
March and April (table 2). There was no 
association of particle levels with the 
number of hours of exposure. Nicotine 
levels increased, although not significant¬ 
ly, with exposure to smokers in the home; 
but were not predicted by the season 
(table 2). 

Cotinine levels were obtained on 187 
urine specimens from 20 nonsmokera, 
and 153 saliva specimens were obtained 
from 16 nonsmokers. We were unable to 
obtain saliva specimens from four chil¬ 
dren, all 4 yr of age or younger. The in¬ 
dividual mean urinary cotinine levels 
standardized to urinary creatinine con¬ 
centration ranged from 3.9 ng/mg Cr (SD 
* 6:5) to 55.8 ng/mg Cr (SD » 32.0). 
For salivary cotinine, the mean levels, 
ranged from 0.9 ng/ml (SD » 0.8) to 4.3 
ng/ml (SD - 1.4). The mean urinary 
cotinine levels and variability tended to 
be greater in the children than in the 
adults (figures 3 and 4) (data not shown 
for salivary cotinine). Spearman’s corre¬ 
lation between the urinary cotinine and 
salivary cotinine concentrations was 0J2 
(n ■ 153, p * 0.0001). Correlations be¬ 
tween the cotinine levels and the at¬ 
mospheric markers were highest for sali¬ 
vary cotinine and nicotine (table 3). 

As for the atmospheric markers, we 
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used one-way analysis of variance to de¬ 
scribe the variability in urinary and sali¬ 
vary co uni do concentrations during the 
two sampling periods: every other day 
or every other week. In contrast to the 
atmospheric markers* the variability in 
cotinine levels was comparable for the 
two periods. The intraindividual mean 


square errors for urinary cotinine were 
175.8 and 194.8, and for salivary cotinine 
it was 0.9 and 0.7. 

For the urinary and salivary cotinine 
levels, we also examined determinants of 
variability and concentration with line¬ 
ar regression. Models that included in¬ 
dicator variables for the 20 nonsmoking 


subjects explained 47 and 57V# 0 f the 
variability in cotinine levels, respectively 
(table 4). Compared with this model, oth¬ 
er models that included exposure to en¬ 
vironmental tobacco smoke and age 
group explained much lower proportions 
of the variability. Urinary cotinine levels 
were significantly (p < 0.05) higher 
among children than among adults (ta¬ 
ble 5). Although the effect was not sig¬ 
nificant, exposure to one or more smok¬ 
ers resulted in higher urinary cotinine lev- 
els than did no exposure. The number 
of hours of reported exposure and the 
season were not significant predictors of 
cotinine level. For ulivtry cotinine lev¬ 
el, the hours of exposure was the only 
significant predictor. 

Prediction of level of urinary or sali¬ 
vary cotinine was not greatly improved 
with the use of respirable panicles or 
nicotine as independent variables. The 
proportions of the variability in the uri¬ 
nary cotinine levels explained by respira¬ 
ble particle and nicotine concentrations 
were 0.03 and 0.04, respectively. For sali¬ 
vary cotinine, the corresponding R a 
values were only slightly higher ax 0.07 
and 0.13, respectively. 
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Environmental tobacco smoke is a com¬ 
plex mixture of gases and particles that 
changes as it ages. Personal exposure to 
environmental tobacco smoke is deter¬ 
mined by the nonsmokeris activity pat¬ 
tern; exposure may be received in the di¬ 
verse microenvironments encountered 
throughout the course of day-to-day ac¬ 
tivities. For many nonsmokers, the home 
is a predominant location of exposure (9). 
In this investigation, Re assessed methods 
for measuring exposure to environmen¬ 
tal tobacco smoke in the home that can 
be used for epidemiologic research: air 
monitoring, questionnaires, and biolog¬ 
ic markers. 

In other populations, cigarette smok- 
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ini has been shown to be a strong source 
of respirable particles in the home (1,10, 
U). Spcngler and coworken (10) estimat¬ 
ed that the average increase in the indoor 
concentration of respirable particles was 
20 ug/m J for each smoker. We estimated 
an average increase of 17 ng/m J for one 
or more smokers (table 2); the average 
concentrations in the New Mexico homes 
(figure l) were above the mean of 24 
tig/m' in nonsmoking homes from six 
VS. cities (10). Nicotine waj present on 
most sampling days (figure 2). The mod¬ 
erate correlation between the nicotine 
and respirable particle concentrations 
(Spearman*s r • 0.54) confirms the im¬ 
portance of tobacco smoking as a source 
of particulate pollution in the home. Lit¬ 
tle data have been reported on nicotine 
concentrations in the home (1,2); the lev¬ 
els in the New Mexico homes were some¬ 
what lower than an average concentra¬ 
tion of 11.2 ag/m* reported by Muramat- 
su and coworkers (12) for three homes 
in Japan. However, the results from our 
investigation and the Japanese study are 
not directly comparable because the Jap¬ 
anese data were from personal samples. 
Furthermore, information on intensity 
or duration of exposure to tobacco smoke 
was not provided for the Japanese homes. 
In a recent study in North Carolina, the 
homes of 27 children were monitored 
overnight for nicotine with a sampler that 
was located near the child (13). The aver¬ 
age nicotine concentration in homes with 
smokers was 3.74 pg/m\ with a range 
from about 1 to 7 ug/m 1 . The higher lev¬ 
els in our study may reflect the differing 
sampling strategies; the nicotine sampler 
remained in the activity room through¬ 
out the monitoring period in our study, 
but it wis moved to the child’s bedroom 
in the North Carolina study when the 
child slept. 

Questionnaires on exposure to envi¬ 
ronmental tobacco smoke generally as¬ 
sess the strength of the source, e.g, the 
number of smokers or the number of cig¬ 
arettes consumed, and the duration of 
exposure. The concentration of environ¬ 
mental tobacco smoke, however, depends 
not only on the source strength but on 
room size, mixing, adsorption of smoke 
components, and the rate of exchange of 
indoor with outdoor air. Prnonal ex¬ 
posure also varies with the nonsmoker's 
proximity to the smoker. Questionnaires 
cannot comprehensively and accurately 
asses s each of these factors. 

Not surprisingly, we found that the 
questionnaire responses were poor pre¬ 
dictors of concentrations of respirable 


particles and nicotine (table 1). The high¬ 
est R* values were obtained with a regres¬ 
sion model that included variables for the 
individual homes; presumably, these vari¬ 
ables represented characteristics of the 
homes, many of them unmeasurable, that 
determined concentrations at a given lev¬ 
el of smoking. 

Cotinine, nicotine’s major metabolite, 
has a half-life of 20 to 40 h in nonsmok¬ 
ers (1). It can serve as a specific biologic 
marker of exposure to environmental 
tobacco smoke that has been received 
over a period of days. At any given level 
of nicotine exposure, cotinine levels in 
body fluids are also determined by up¬ 
take, metabolism, and excretion (1). In 
regression analyses to predict cotinine 
concentrations, the models that includ¬ 
ed variables for the individual subjects 
gave the highest R 1 values (tible 4). 
Models including only the questionnaire- 
derived exposure measures or the at¬ 
mospheric markers had low R* values. 
Our findings in a large population-based 
survey were similar (14). In 247 nonsmok¬ 
ing adults with a detectable cotinine lev- 
el, variables for subject age, number of 
cigarettes smoked by the spouse, and 
number of cigarettes smoked by other 
household smokers explained only 2^t 
of the variance of salivary cotinine level 
for females, and I6^s of the variance for 
males. 

In epidemiologic investigations of the 
adverse health effects of environmental 
to b ac c o smoke, questionnaires have been 
the sole approach for assessing exposure 
(1, 2). Air monitoring and biologic mark¬ 
ers represent promising and feasible ap¬ 
proaches for assessing exposure to en¬ 
vironmental tobacco smoke. For the 
home environment, our data demonstrate 
that indexes of exposure to environmen¬ 
tal tobacco smoke based on question¬ 
naires, biologic markers, and air moni¬ 
toring are not tightly correlated. At a par¬ 
ticular level of exposure, as assessed by 
inventory of household smokers, concen¬ 
trations of respirable panicles and nico¬ 
tine vary widely, as do levels of salivary 
and urinary cotinine. The variability of 
the atmospheric and biologic markers 
must be considered in using than as stan¬ 
dards for assessing misc Unification by- 
questionnaires. For etrrironmemal tobac¬ 
co smoke exposure at home, our data sug¬ 
gest that single measurements of either 
levels of environmental tobacco smoke 
components or of biologic markers are 
not adequate for characterizing usual ex¬ 
posure Multiple measurements art need¬ 
ed. It may be misleading to assess the va¬ 


lidity of questionnaire measures 
a single determination of an atmospher¬ 
ic or biologic marker. We suggest 
atmospheric and biologic markers offer 
complementary approaches to question¬ 
naires for assessment of exposure to en¬ 
vironmental tobacco smoke, and this 
these methods should be used together 
to estimate the magnitude of misclassin- 
cation from questionnaire responses. 
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AN ASSESSMENT OF THE VALIDITY OF QUESTIONNAIRE 
RESPONSES PROVIDED BY A SURVIVING SPOUSE 

MARY L LERCHEN 1 am JONATHAN M. SAMET 

Lofthen, M. L (New Mexico Tumor Registry, U. of Naw Mexteo, Afewquerqua, 
KM |7t31), and J. M iam#t An assessmanl of tha validity of questionnaire 
responses provided by a surviving tpouu. Am J EptfemJof tll6;123:441-t. 

Studies of the etiology of rapidly fatal tfiimu often uu data from surrogate 
sources. To aassai tha validity of CM wffa as a source of exposure information, 
#0 whras war# interviewed in 1983-198-4 for tha aama hJatoriei provided eartlaf 
by their husbands, who wart casts in a ceae-control study of king cancer in Now 
Mexico, 1980-1882. Both interviews obtained detailed information concerning 
lifetime occupational history, smoking habits, and consumption of certain foods 
high in vKamin A With regard to lifetime occupational histories, tha wives reported 
eJgnlfteentiy fewer Jobs. Concordance of the coded histories was approximately 
$0% for occupation end industry, but wes higher for the last job and usuat job 
held. Wivas conectiy rtporied the clgsrstte emoklng status of their husbands. 
For the number of cigarettes smoked per day, wives tended to report 20 cigarettes 
emoked even when their husbands smoked substantiate more or less. The mean 
frequencies of consumption of certain food hems based on the two sources were 
comparable. However, the percentage of exact agreement end the kappa slatis- 
tics were generally low. 

dteti epidemiologic methods; occupation; questionnaires; smoking 


When an index aubject is deceased or too 
ilJ for interview, information concerning 
environmental exposures and other risk 
factors may be collected from next-of-kin. 
For example, in several studies of lung can¬ 
cer and occupation (1-3), exposure histo¬ 
ries were obtained primarily from surviving 
spouses, children, and aiblinp. In a recent 
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case-control atudy of vitamin A intake and 
stomach cancer (4), next-of-kin were the 
sole source of diet histories. While studies 
using such surrogtte sources have shown 
associations between specific exposures 
and diseases, the validity of next-of-kin 
information has not been well character- 
bed (5). Pickle at al. (6) examined the 
availability of information from various 
groups of surrogate respondents but did not 
address validity. In a study of nuclear work¬ 
ers, Greenberg et ai. (7) showed that mea¬ 
surement bias away from the null resulted 
from inaccurate information given by next- 
of-kin regarding work history. In several 
populations, spouse pairs have been inter¬ 
viewed concurrently and their responses 
compared for dietary and smoking ques¬ 
tions (8-11). With the exception of the 
recent report by Greenberg et al. (7), none 
of these investigations, however, replicate 
the circumstances of interview with a sur¬ 
rogate after the index subject’* death. 
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We hive used the opportunity offered by 
record of self-reported interview* with lung 
cancer case* to asses* the validity of infor¬ 
mation provided by their spouse* after their 
death*. From J9S0 through 2982. 277 male 
lung cancer cates were interviewed in per¬ 
son at part of a population-based case- 
control atudy of lung cancer in New Mexico 
(22,13). The initial interview obtained de¬ 
tailed information concerning lifetime oc¬ 
cupational history, residence history, to¬ 
bacco use, diet, and other risk factors for 
Jung cancer. Up to four years following the 
death of the original respondent, we inter¬ 
viewed 80 surviving wives concerning their 
husbands' smoking habits, occupational 
history, and consumption of certain foods. 

Materials and methods 

Study subjects 

Index subjects were selected from the 177 
male lung cancer cases interviewed while 
alive between 1980 and 1983 for a popula¬ 
tion-based case-control study of lung can¬ 
cer. Complete details concerning subject 
selection and interview procedures can be 
found elsewhere (12,13). Index subjects for 
the present study had died before March 
1984, and were survived by their spouses. 
The surviving wives were approached for 
interview between February 1983 and April 
1984. They were told that we were inter¬ 
ested in the information that a wife could 
remember about her husband's smoking 
and dietary habits, and occupational his¬ 
tory. Of the 105 spouses of eligible cases, 
80 were interviewed, 10 refused and 15 were 
unavailable. The latter group had moved 
without leaving a forwarding address, and 
a telephone number could not be found. 

Data collection 

Interviewers who had participated in the 
original case-control study administered 
the questionnaire by telephone. The ques¬ 
tionnaire was deliberately brief and did not 
replicate all aspects of the questionnaire 
originally answered by the case. The wives 
were asked about their husbands* lifetime 


occupational history with exactly the aam 
questions asked in the same order as in th 
original interview. For each job held for a 
least aix months from age 12 years, quer 
tions were asked about the title of the pc 
aition, duties performed, location and ns 
ture of employing institution, length o 
time worked at each job title, and full- o 
part-time atatus. Exposure to only four o 
the 18 agents included in the original inter 
view was ascertained: asbestos, radiation 
arsenic, and formaldehyde. The emokinj 
history obtained information concerning 
current and past use of cigarettes, pipes 
and cigars. Questions on the original inter 
view related to types of cigarette amokec 
and depth of inhalation were not asked. Fo? 
cigarette amokers, we determined the ag< 
at which the subject started to smoke, the 
age stopped for former amokers, average 
number of cigarettes smoked per day, anc 
use of filter products. With regard to diet 
the wives were asked to report their hus 
bands' usual frequency of intake of red anc 
green chile, carrots, liver, eggs, anc 
peaches. We selected these items as repre 
sentative of the 22 food* w^h high vitamin 
A content included in the origins! question* 
naire. Questions about the use of vitamin* 
were not asked. Demographic data for the 
case and the wife were also obtained. 

Dote analysis 

Industries were coded according to the 
Standard Industrial Classification Manual 
(14), and occupations according to the 
Standard Occupational Classification Man¬ 
ual (15), with modification of the latter to 
designate underground atatus for miners. 
The same coders were involved with both 
the original interview data and the apouse 
interview data. 

To determine the validity of the wives* 
reporting of lifetime occupational history, 
we compared the numbers of jobs reported 
and the concordance of the coded histories 
from the two sources. To avoid discrepan¬ 
cies due to inconsistent coding, this com¬ 
parison involved initial review of the un- 
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coded occupational histories as we!! as 
analysis of the coded histories. Matches 
between the case- and the wife-reported 
histories were counted at the four-, three-, 
and two-digit levels in the two occupational 
classification systems (14, 15). The num¬ 
bers of industries and occupations men¬ 
tioned by the spouse, but not by the case, 
were also counted. We examined the con¬ 
cordance separately for wives married to 
the cases less than 35 years, and those 
.married to the cases 35 years or more. We 
afso compared the number of years worked 
in’each job as reported by the case and the 
spouse. 

To test hypotheses about specific jobs in 
the analysis of the entire case-control data 
set, listings of suspect industries and occu¬ 
pations had been prepared a priori (16). 
Development of these listings was a two- 
step process involving literature review for 
implicated industries and occupations and 
a determination of the appropriate indus¬ 
trial and occupational classification codes 
(14, 15) associated with the job titles. In¬ 
dustries and occupations that were consid¬ 
ered as potential risk factors for lung cancer 
were as follows. Industries : uranium min¬ 
ing, shipbuilding and repairing, nickle 
smelting and refining, petroleum refining, 
chemical manufacturing, construction, fur¬ 
niture making, printing, rubber manufac¬ 
turing. asbestos products manufacturing, 
blast furnaces and steelworks, and iron and 
steel foundries. Occupations : underground 
miners, other underground workers, con¬ 
struction workers, painters, plumbers, 
shipyard workers, insulation workers, as¬ 
phalt pavers, sheetmeta! duct installers, lo¬ 
comotive engineers and foremen, foundry- 
men, coke oven workers, diesel engine me¬ 
chanics, automobile mechanics, welders, 
woodworkers, and printers. All jobs in¬ 
cluded in the lifetime occupational history 
were matched against this a priori listing. 
We recorded whether any job held during a 
lifetime was included on this listing, and if 
»o, calculated the number of years of em¬ 
ployment. Industries and occupations as¬ 
sumed to involve exposure to each of asbes¬ 


tos, wood dust, diesel exhaust, and formal¬ 
dehyde were also identified and grouped by 
the industrial and occupational classifica¬ 
tions (14, 15). For each man, any employ¬ 
ment in exposed jobs was noted and the 
duration of potential exposure to each 
agent was calculated. 

To discount chance agreement of case 
and spouse responses, Cohen’s kappa was 
calculated for these four agents and the 
food items, and tested for significance with 
atandard techniques (17). This statistic, 
which varies from minus one to plus one, 
measures level of agreement between case 
and spouse data beyond that expected by 
chance alone. For the selected food items, 
we examined agreement of frequency of 
consumption as reported by cases and by 
their wives or a five-level scale: daily or 
more often, 2-6 times per week, once per 
week, 1-3 times per month, and never. We 
also co mpMred these indices by calculating 
Spearman rank order correlation coeffi¬ 
cients. 

Results 

The wives tended to be younger than 
their husbands, with median age at inter¬ 
view being 63 years, compared with 66 years 
for the cases (table 1). The women had lived 
with the cases for a median duration of 37 
years; only two had lived with their hus¬ 
bands less than seven years. The ethnic 
distribution of the ease series was 68 per 
cent non-Hispanic white and 32 per cent 
Hispanic white. 

Initially, we assessed agreement of de¬ 
mographic information from the two 
sources. Ninety-two per cent of the wives 
correctly reported their husband’s year of 
birth and 98 per cent correctly gave the 
atate of birth. Only 38 per cent of the wivea 
reported the same total years of education 
as had their husbands, while eight per cent 
did not know this information. For the 31 
men who reported less than 12 years of 
education, 78 per cent of the wives correctly 
reported this information. All of the wives 
giving incorrect information said their hus¬ 
bands were high school graduates. For men 
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who Mid they hid completed high school, 
€9 per cent of the wives* responses were 
correct, with the errors equally distributed 
between under* and over-reporting of edu¬ 
cation. For the 24 men with education be¬ 
yond high school, 17 of the wives reported 
this information correctly and seven said 
their husbands had only completed high 
school. 

With regard to the occupational histo¬ 
ries, we first compared the years of employ¬ 
ment and the numbers of jobs reported by 
the two sources (table 2). Wives reported 
significantly fewer jobs and years of full¬ 
time employment than their husbands. 
Similar reporting differences were found 
for part-time jobs. Because few part-time 
jobs had been held and because these jobs 
rarely included industries and occupations 
associated with lung cancer, part-time em¬ 
ployment was excluded from the subse¬ 
quent analyses. 

We examined concordance between the 
two histories for industry and occupation 
together, industry alone, and occupation 
alone. The SO cases reported a total of 439 
full-time industries and 432 occupations; 
information on both industry and occupa¬ 
tion was complete for 429 jobs. Wives re¬ 
ported 309 full-time industries and 302 oc¬ 
cupations. For industry and occupation 
pairs reported by the cases but not by their 
wives, most jobs were of ahort duration: 40 
per cent were held one yeer or leu, 14 per 
cent were held for two years, and 13 per 
cent for three yean. For the jobs with a 
mismatch of either industry or occupation 
only, a similar trend of under-reporting of 
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94 

*1 
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65 
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Tout yton full-time employment 

42.0 

13.5 
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4 1 
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* B> peirrd f test, p < 0.02 for all difference* be- 
Ittfn cite and wife-reported 4tu 


•hort-term jobs was found. For example, 
the wives failed to report 24 percent of the 
industries and 14 per cent of the occupa¬ 
tions that their husbands held for one year 
or leas. The wives reported a iota! of S5 
jobs that could not be matched against the 
original occupational history at any level. 

We assessed concordance of the coded 
histories at the four-, three*, and two-digit 
levels in the Standard Industrial Classifi¬ 
cation and Standard Occupational Classi¬ 
fication aystems (table 3). The following 
example illustrates the specificity provided 
by different levels of coding For mining 
industry, a two-digit code (10) indicates 
metal mining whereas a four-digit code 
(1094) is needed to specify uranium mining. 
To identify underground uranium mining 
occupation, a four-digit code (6230) is 
needed. For both industry and occupation, 
only about 40 per cent of jobs reported by 
the cases were matched by the wife-sup¬ 
plied information at the four-digit level; 
concordance improved little when exam- 
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ined it the lest specific two* and three-digit 
levels. To determine if the duration of mar¬ 
riage influenced the level of agreement, we 
stratified the length of marriage at 35 years. 
Agreement was comparable in the two 
groups. 

For the last job held, concordance at any 
level was higher. The wives correctly re¬ 
ported 74 per cent of the industries and 70 
per cent of the occupations; for 60 per cent, 
both industry and occupation matched the 
cases* information concerning the last job. 
* Agreement for the usual job, i.e., the job 
*held the longest time, was even higher than 
for the last job held The wives correctly 
reported 84 per cent of the industries and 
78 per cent of the occupations. For 70 per 
cent, both industry and occupation 
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ISO 12 32 774 

41 3 7 SI 
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No. 
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167 15 30 212 

as 3 7 46 


• Agreement at four-, three-, or two-digit level*, 
t Induttry coded according to Standard Industrial 
Classification Manual (14). 

| Occupation coded according to Standard Occu- 
Rational Classification Manual (15). 


matched the cases* information for the 
longest job. 

We next considered concordance for jobs 
involving the at-risk industries, occupa¬ 
tions and exposure groupinp. Of the in¬ 
dustries considered at risk, the eases re¬ 
ported a tola! of 23 different jobs involving 
uranium mining, shipbuilding, petroleum 
refining, construction, printing, inorganic 
chemicals, rubber manufacturing, and iron 
and steel foundries. Of the specified occu¬ 
pations, the cases gave 31 different jobs as 
underpound miners, construction workers, 
plumbers, paving equipment operators, lo¬ 
comotive engineers and foremen, diesel en¬ 
gine and auto mechanics, welders, wood¬ 
workers and painters. All four exposure 
poupings were represented. The sensitivity 
of the wives’ information was 74 per cent 
and 90 per cent for ever-employment in the 
specified industries and occupations, re¬ 
spectively. However, false positive reports 
primarily related to construction were com¬ 
mon. Ten of 13 false positives for industry 
and six of 17 for occupation were in con¬ 
struction trades. For the jobs assumed to 
involve exposure to the four agents, 10 of 
the 20 given by the cases were reported by 
their wives. 

We also compared the responses for re¬ 
ported exposures to the four agents, asbes¬ 
tos, radiation, arsenic, and formaldehyde 
(table 4). The prevalences of the exposures 
were similar in the case- and spouse-re¬ 
ported data. However, the wives frequently 
could not provide information related to 
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their husbands* assumed exposures. Only 
the kappa autistic for radiation exposure 
was sutiniically significant and the others 
were quite small. 

We examined concordance of several 
measures of tobacco use. We found perfect 
agreement of cigarette smoking autus 
(ever, never) as reported by the cases and 
their wives. While the prevalences of pipe 
and cigar use were similar from the two 
sources, concordance for sutus (ever, 
never) was at approximately 80 per cent. 
Only 66 of the 77 wives married to smokers 
were able to supply complete deuils about 
their husband s cigarette smoking habiu 
(uble 5). Mean values reported by cases 
and their wives were not significantly dif¬ 
ferent for age at which the case tuned to 
smoke, toul years of smoking, and average 
number of cigarettes smoked per day. For 
age at which the case surted to smoke and 
average number of cigarettes smoked per 
day, the Pearson correlation coefficient 
demonstrated moderate correlation be¬ 
tween the two seta of dau. For toul years 
of smoking, which is strongly dependent on 
age, the correlation coefficient was much 
higher. For the average number of ciga¬ 
rettes smoked per day, wives tended to re¬ 
port 20 cigarettes smoked daily, even when 
their husbands had smoked aubsUntially 
more or less (figure 1). 

For the food items, agreement between 
the two aeu of responses was assessed by 
calculating exact agreement, the kappa au¬ 
tistic, and the Spearman rank order corre¬ 
lation coefficient (uble 6). All of the wives 
provided the dieury information for their 


husband*. The mean frequencies of con¬ 
sumption derived from the two sources 
were similar. However, exact agreement on 
the five-level frequency scale was not 
higher than 52 per cent for any food, and 
the kappa values were small. 


Discussion 

To investigate the relationships between 
environmenul factors and disease, epide- 
miologisu use a variety of sources to deter¬ 
mine exposure, including interviews with 
aubjecu, historical records, and biologic 
markers. For studies of cancer and other 
rapidly faul diseases, interviews with next- 
of-kin may be the only information source 
for assessing exposures. Pickle et al. (6) 
have examined the availability'of different 
types of information from surviving 
spouses of subjects in three case-control 
studies. While most spouses answered 
questions about the birthplace and educa¬ 
tion of the deceased, non-response rates 
were higher for items related to smoking 
and occupation. For example, 44 per cent 
of the spouses could not provide a deuiled 
smoking history and 13 per dent did not 
offer information about asbestos exposure. 
The validity of such surrogate information, 
when available, is uncertain, and the direc¬ 
tion of potential bias is rarely clear (5). 

Our investigation evaluates the compar¬ 
ability of surrogate responses with those 
provided by the index subject while alive. 
Unlike studies involving simultaneous in¬ 
terviews with spouse pairs, we directly rep¬ 
licated the situation of dau collection in 
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interviewing the surviving sy/s*** We 
could not, however, assess the validity.of 
the original interview against t.v/htr in¬ 
formation source. For some itesa. such as 
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per cent concordance between a list of am- 
ployers obtained by inurview with subjects 
and the records of a government pension 
plan in Canada. Biochemical measures gen¬ 
erally validate self-reported cigarette smok¬ 
ing information for adults (11). 

In our study, the re-interview procedure 
differed from the original interview in aev- 
era! respects. First, the information was 
obtained by telephone rather than by in- 
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person interview. We doubt that thii mod¬ 
ification, dictated by feasibility concerns, 
introduced important bias. Health survey 
dsu collected by the two approaches art 
usually comparable (19, 20), though com¬ 
plete occupational information has not 
been addressed. Second, the cigarette 
smoking and dietary histories wert abbre¬ 
viated from those of the original interview. 
We could not evaluate whether subtle re¬ 
porting differences may have resulted. 

For demographic information, we found 
a high level of agreement for year and state 
of birth but only 38 per cent concordance 
for total years of education. However, 
agreement on broader categories of educa¬ 
tional level was more satisfactory, and bias 
was not evident in the wives’ reporting. 

The wives did not completely report the 
lifetime occupational histories provided by 
their husbands (tables 2 and 3). The sur¬ 
rogate information included fewer jobs and 
covered fewer years. However, wives under¬ 
reported jobs of short duration that could 
have been less important in determining 
exposure status, Concordance of the coded 
histories was not high, even at the broadest 
level of agreement. Agreement improved 
substantially for reporting of the last and 
longest jobs held. 

Previous studies have addressed the va¬ 
lidity of surrogate data for specific indus¬ 
tries and occupations, rather than the en¬ 
tire occupational history. Pershsgen and 
Axelson (21) compared personnel records 
of a copper smelter with reports by close 
relatives about the deceased subjects’ em¬ 
ployment at the facility. Of the 160 sub¬ 
jects, only two were incorrectly classified 
with regard to tver-tmployment at the 
•melter. The surrogate information was 
leu satisfactory for classifying subjects on 
the extent of arsenic exposure. Damber and 
Larsson (22) found that relatives accurately 
reported mining histories for non-iron 
miners in Sweden. The discrepancy be¬ 
tween these two Scandinavian studies and 
our investigation in New Mexico may re¬ 
flect the selection of subjects from rela¬ 
tively small geographic areas in the former 


and the diversity of the work histories in 
the latter. 

Other studies also indicate that occupa¬ 
tional information from next-of-kin may 
introduce bias Rogot and Reid (23) com¬ 
pared the self-reported occupations pro¬ 
vided by British and Norwegian migrants 
to the United Slates with responses pro¬ 
vided after their deaths by next-of-kin. In 
a classification acheme that included five 
broad occupational groups, agreement was 
77 per cent. A recent atudy by Greenberg 
at al. (7) demonstrates that next-of-kin re¬ 
porting may result in differential misclas- 
aification. These investigators compared 
reports of nuclear-related employment pro¬ 
vided by next-of-kin with shipyard flies. In 
the context of a proportional mortality 
atudy, they found that next-of-kin of per¬ 
sons deceased with cancer more often gave 
incorrectly positive reports of exposure 
than the other respondents. 

We confirmed the finding of other inves¬ 
tigators (8,31,23) that spouses rarely mis- 
classify the cigarette smoking status 
(smoker/nonsmoker) of the index subjects. 
However, as demonstrated by Pickle at al. 
(6), al! wives can not aupply cofhplete, de¬ 
tailed information about cigarette smoking 
In our study, for number of cigarettes 
smoked per day, misclaasiflcation by the 
wives* responses was evident; they tended 
to report 20 cigarettes smoked per day, even 
when their husbands had smoked aubatan** 
tially more or leu (figure 1). While the 
surrogate responses yielded similar means 
for the indices with the subjects gro u ped,' 
the Pearson correlation coefficients indi¬ 
cated only modest correlation between the 
two sources* for average number of ciga¬ 
rettes smoked per day and age at which the 
subject started to smoke (table 5). In their 
migrant atudy, Rogot and Reid (23) also 
found poor agreement for amount amoved 
and a tendency for the informant to report 
higher tobacco consumption than originally 
reported. In a atudy involving apouse pains, 
generally younger than subjects in the pres¬ 
ent investigation, Humble el al. (10) found 
a higher Spearman correlation coefficient 
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(0.69) than we did for smount of cigarettes 
smoked daily. Kolone! et al. (8) also showed 
relatively poor agreement for amount 
smoked between the responses of male in¬ 
dex subjects and their wives. 

To limit the duration of the telephone 
interview, we only collected information 
concerning six of the foods on the original 
questionnaire (table 6). As in investigations 
involving simultaneous interviews with 
spouse pairs (7-9), the mean frequencies 
based on the two sources were comparable. 
However, on the five-level frequency scale, 
t£c percentages of exact agreement were 
generally low, as were the kappa statistics. 
In a study involving spouse pairs in New 
Mexico (10), we previously found substan¬ 
tially higher agreement for carrots, eggs, 
and liver. The level of agreement may have 
been reduced by our limiting the questions 
to only a few items, rather than taking a 
complete diet history. Because the reinter¬ 
view was not comprehensive, we could not 
calculate aggregate indices of nutrient in¬ 
take. 

These results further document the limi¬ 
tations of next-of-kin interviews. While the 
use of surrogate date is frequently unavoid¬ 
able, epidemiologists should recognize that 
the validity of such data may be limited. 
Spouses can accurately provide demo¬ 
graphic information and a crude smoking 
history. However, information concerning 
more complex items, such as the employ¬ 
ment history and diet, is of lower quality 
and ita use may result in misclassiflcation. 
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AJw»cu W« taroiled 15 nonsmoking votuciaen to evaluate the 
feasibility of measuring personal exposure to environmental tobacco 
smoke (ETS) at work and to characterize **r»kv**o« ea uana s n 
During one works hill, w# obtained quejoocnaires oo exposure, 
saliva and urine for coiiniae, and personal air samples for respirable 
particle* and nicotine. The levels of eounine, respirable particles, 
and nicotine varied widely with seif-reports of exposure to ETS, but 
oo average increased with increasing exposure. (Am J RuHk i 

1990; 80^M~990.) 


Introduction 

While health effects of passive smoking on children and 
adults have been identified, the principal location of exposure 
investigated has been the home. 1 -* Workplace exposure has 
received less attention, and health effects of environmental 
tobacco smoke (ETS) in the workplace remain controversial. 

We enrolled 15 nonsmoking adults to determine the 
feasibility of measuring personal exposure to ETS at work 
and to characterize workplace exposures of this small group 
of subjects. Indicators of exposure, measured during a 
workday, included questionnaires, personal samples for 
respirable panicles (RSP) and nicotine, and urinary and 
salivary cotimne. 

Methods 

Between October 19S6 and May 19S7, 15 nonsmoking 
volunteer* (eight men, seven women). IS yean of age and 
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older, were recruited from the Albuquerque, New Mexico 
area. We obtained exposure questionnaires, saliva, urine, 
and personal air particle samples during one workshift The 
saliva and urine specimens were obtained before and after the 
workshift. Cotimne was quantitated by a double antibody 
radioimmunoassay, as described by Langone, tt at A Details 
of the assay in our laboratory have been reported previously .* 

Diring the work shift, each subject wore a personal 
monitoring pump running at 1,7 t/min with a 10 mm nylon 
cydooe clipped to the shin collar. 5 RSP samples were 
collected on 37 mm Fluropore filters (Miliipore Corp). Nic¬ 
otine was collected on a glass fiber backup filter treated with 
sodium bisulfite to minimize volatilfzarion Rafter extraction 
from the filter, analysis for nicotine was~dcne on a gas 
chromatograph with a flame ionizanoa detector. 4 The recov¬ 
ery of nicotine by this procedure has been shown to be 98 
percent effirienc 

From the questionnaires, we derived measures of expo¬ 
sure including the total number of cigarette smokers and total 
number of hours exposed during the workshift. To describe 
the relationships among the measures of ETS exposure, 
Spearman correlations were calculated. Data analysis was 
performed with standard programs. 7 


Results 

Occupations of the subjects were diverse (Table i); mean 
age was *4.3 years; average duration of the workshift and of 
the personal monitoring was 6.5 hours (SD ft 2.0). 

Exposure to cigarette smokers at work was reported by 
13 of the 15 participants. Of the 13 reporting exposure, cwo 
reported exposure to crowds of smokers during their work* 
shift and the remaining i I encountered a mean of S.3 smokers 
(SD ft 6.7). The mean reported hours of exposure was 3.4 (SD 

- ri) * ^ 
RespiraWe particle and nicotine concentrations 

widely with the reported number of smokers and hours of 

exposure. The mean concentrations for RSP and mcoune 

were 63.9 (SD ft 41.5) and 20.4 y.g/m J (SD ft 20.6), 

respectively. Correlations between the atmospheric markers 
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TA9LC 1—Description of Partlotpnrta In a Paraonaj Monitoring Study o# 

ixpotura to Env i ronmental Tobacco Smoke at Worts, Now 
Mexico, 1NW7 


OceupftiOfvWofkptoca 

Worhaftm OuratiorV 

Exposure Duration ASP 
(twun) (pO'm*) 

Ntootina 

Mm 

PhyaiciwvHoeprt* 


S23 

ion 

Social Worker/CPica 

SO 

44.0 

24 

Stock 8'ofceriOfBoe 

S3 

59.4 

73 

Bm SoyReataurw* 

*9 

145.5 

45.0 

M*.t*wc* Worxer/AetaB Store 

S3 

55.2 

if 

Swear/Bartiar Shop 

40 

14.7 

44 

Swt> ar-Ewtoaf Shop 

*4 

145.5 

117 

Votootoar/Hcapkaf 

43 

500 

410 

iraarvtowar/PuOMC Transportation 

33 

40 

0.0 

Travel AqarWOaVaa 

S3 

55.7 

•on 

Travel AgeotOfice 

54 

501 

417 

Aaomey/Oflot 

** 

433 

84 

Votuntaar/Hoaprtal 

43 

27.5 

1.3 

Vokjmaw/Hoactai 

43 

253 

17 

Vokxxaar/Hoapttal 

4/4 

53^ 

53.2 


and the questionnaire measures of exposure to ETS were 
moderate (Table 2). 

As was observed for the atmospheric markers, the 
post* work shift urinary and salivary cotinine levels varied 
widely with self-reported exposure. In comparison with 
pre-workshift levels, post-workshift levels were not consis¬ 
tently increased. The mean pre-workshift urinary and sali¬ 
vary cotinine concentrations were 31.8 ng/mg Cr (SD * 67.6) 
and 2.9 ng/ml (SD a: 5.0), respectively. For the post- 
workshift levelj, the corresponding values were 19.7 flying 
Cr (SD * 43.2) and 3.5 og/ml (SD ± 5.9). 

Spearman correlation coefficients were calculated to 
examine the relations among the questionnaire variables, the 
atmospheric markers, and urinary and salivary cotinine 
(Table 2). Moderate correlations were obtained for self- 
reports and cotinine levels, and nicotine levels and cotinine 
levels. However, RSP levels and cotinine concentrations 
were not correlated. 


TABLE a—Spearmen C o frNe C o m b tw e en Vartoua M ea a ure a af Env* 

r o n mental Tobacco Smofca at Work, Now Mexfoo, 1 9 5 5 17 


N f 


ASP wrtCfi: 

Nicotine 15 047* 

Tot* number of smokers f 5 C.a* 

Total hours o( exposure 15 053* 

Po eta h ft urinary cotinine 14 005 

PoataN* saltvsry ootirtne 11 -007 

Nicotine wtih: 

Tooti number of smoltere 15 0-52* 

Total hours of exposure 15 054* 

PoetsNft urinary cotinine 14 0.50* 

PostsWX seffvery ootirtine 11 045 

Poetsrtft urinary cotinine 
(nymg Cr) with: 

Total number of smokers 14 039 

Total hours of exposure 14 0.57* 

PoetsNft satfvery ootinine 

Total number of smokers ti 0.53* 

Total hours of exposure 11 0.45 


v<0 J* 
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The controversial effects of involuntary smoking in the 
workplace need further aavestigation. The conduct of such 
research would be facilitated by the development of unintru- 
sive and accurate methods of exposure assessment. Alter¬ 
native approaches include active and passive monitoring, 
biological markers, and questionnaires. We have shown that 
personal monitoring for tobacco smoke components can be 
accomplished in the workplace. However, many employers 
and employees would not participate in the study because of 
concern about the wearing of pumps. 

Despite the small number of subjects studied in this 
investigation, objective evidence of exposure to ETS was 
obtained in various workplaces. The levels of RSP and 
nicotine were similar to those observed in other 
investigations.**- 1 * However, few of these studies included 
information oc the Intensity and duration of exposure to 
ETS." 

We observed moderate positive correlations among the 
questionnaire measures of ETS exposure, the results of 
personal monitoring foe RSP and nicotine, and measurements 
of urinary cotinine. Each of these types of measures provides 
a differing index of exposure to ETS. 1 The questionnaire 
measures that were used assess source strength, but concen¬ 
trations of ETS are also influenced by room volume and 
ventilation. Nicotine is a specific marker of exposure to ETS, 
whereas RSP is nonspecific. Cotinine levels reflect nicotine 
exposure, but also are determined by timing of specimen 
collection" and uptake and metabolism. Thus, tight concor¬ 
dance among these broad indicators of exposure used in this 
study would not be anticipated. 

Because of the differing characteristics of question¬ 
naires, personal monitoring, and biological markers for 
assessing ETS exposure, ao single method should be con¬ 
sidered as optimal for studying the workplace. We recom¬ 
mend that assessment of ETS exposure in indoor environ¬ 
ments should utilize multiple approaches to characterize 
short- and long-term exposures. In population studies, ques¬ 
tionnaire measures of exposure offer the simplest approach 
with personal atmospheric markers and biologic markers 
providing methods for estimating the potential magnitude of 
misclassificatkm of self-reported exposure. 
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ABSTRACT. Reports of recent exposure to environmental tobacco smoke (ETS) and urinary 
cotinine levels were obtained on 663 never- and ex-smokers who attended a cancer screen¬ 
ing clinic in Buffalo, New York, in 1986. Study objectives included determining the preva¬ 
lence of exposure to ETS using urinary cotinine and identifying questionnaire exposure 
measures predictive of cotinine. Findings demonstrate that exposure to environmental 
tobacco smoke is extremely prevalent, even among those not living with a smoker. A total 
of 76% of subjects reported exposure to ETS in the 4 d preceding the interview. The most 
frequently mentioned sources of exposure were at work (28%) and at home (27%). Coti¬ 
nine wis found in the urine of 91 % of subjects. Cotinine values increased significantly with 
the number of exposures reported. Among the different questionnaire measures of ex¬ 
posure that were evaluated, the single best predictor of cotinine was the number of friends 
and family members seen regularly by the subject who smoke. 
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EXPOSURE to environmental tobacco smoke (ETS) 
has been implicated as a cause of many adverse health 
consequences in nonsmokers.Although the health 
risks associated with ETS are probably small in com- 
s 
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parison to active smoking, given the high prevalence of 
smoking in the United States/ exposure to ETS is likely 
to be common, and the number of people adversely af¬ 
fected could be substantial. 
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Health risks associated with ETS vary with exposure. 
Biological markers of tobacco smoke exposure have re¬ 
cently been used in an attempt to measure smoke ab¬ 
sorption in nonsmokers. U J *‘° Of the various biochem¬ 
ical markers of tobacco smoke exposure, there is 
general agreement that cotinine is the best marker. 
Cotinine is a metabolite of nicotine and is therefore 
specific to tobacco smoke. Cotinine is considered a 
better marker of exposure than nicotine because its 
longer half-life means it measures exposure over 
several days rather than hours.** 10 The degree of ex¬ 
posure, as measured by cotinine, is likely to depend 
upon several environmental factors, including number 
of exposures, duration of exposure, intensity of expo¬ 
sure (i.e. # number of smokers), and room ventilation 
characteristics. 1,10 

This study examines the relative importance of these 
environmental factors in predicting current ETS ex¬ 
posure, as measured by urinary cotinine, in a group of 
663 non-smokers. In addition, information is presented 
on the prevalence and sources of exposure to tobacco 
smoke. The findings from this study should be useful to 
those interested in developing valid questionnaire 
measures of recent exposure to ETS and to health of¬ 
ficials charged with assessing the need for regulations 
that restrict smoking in public places. 


Materials and methods 

The study population included adult men and 
women who attended the Roswell Park Memorial In¬ 
stitute Cancer Screening Clinic for a free cancer check¬ 
up during 1986. Screening exams were performed by a 
nurse practitioner or physician. Following the examina¬ 
tion, clinic attendees were asked by the examiner if 
they wished to participate in a study on ETS. Subjects 
were informed that participation in the study would re¬ 
quire a 30- to 40-min interview, provision of a urine 
sample, and a lung function test. Among those ap¬ 
proached, about 70% volunteered to participate. The 
main reason given for refusal to participate was lack of 
time. Those willing to participate were directed into a 
private office where an interviewer provided a further 
description of the study and obtained a signed consent. 

Interviewing began in February 1986 and ended in 
December 1986. Smokers and non-smokers were en¬ 
rolled in the study up until July 1986, after which time 
only non-smokers were recruited. A total of 860 indi¬ 
viduals were enrolled in the study. These included 380 
never-smokers, 350 ex-smokers, and 130 current smok¬ 
ers. Subjects were classified as ex-smokers if they smoked 
at least one cigarette/pipe/cigar a day for > 1 yr and 
had not used tobacco for at least 1 mo prior to the in¬ 
terview. Current smokers were classified as those sub¬ 
jects who currently smoked any quantity of tobacco. 
The data presented in this paper are restricted to never- 
and ex-smoker participants in the study (N - 730). 

The age distribution of subjects was widespread, 
ranging from 18 to 84 yr (mean age • 54.7 yr). Ex¬ 
smokers were slightly older (56.8 yr) than never 
smokers (53.2 yr). A higher proportion of never smok¬ 
ers compared to ex-smokers were below age 40 yr 
(21% vs. 12%). Overall, 44% of subjects were male, 


and 90% were white. A significantly higher proportion 
of ex-smokers were male compared to never-smokers 
(55% vs. 34%). The majority of subjects were married 
(69%). Slightly more than one-third of never smokers 
were college graduates, in contrast to 25% among ex¬ 
smokers. Roughly half the study subjects were current¬ 
ly employed. In comparison to the adult population in 
Erie County, New York, the study sample over repre¬ 
sented females and whites and under represented per¬ 
sons below 40 yr of age. 

Data collection. Study subjects were interviewed in a 
private office by a trained interviewer. The interviewer 
questioned subjects about their current and past tobac¬ 
co use habits, exposure to tobacco smoke at home and 
at work, and recent indoor exposure to tobacco smoke 
over a 4-d period preceding the interview. To aid 
recall, each of the 4 d was subdivided into three 
segments (i.e., morning, afternoon, evening), and sub¬ 
jects were asked the same questions for each portion of 
the day. For each portion of a day, subjects were asked 
to indicate whether they had been exposed indoors, 
not in a car, to smoke from an individual who was 
smoking. Those who answered "yes" were asked to 
report on the location and duration (measured in 
quarter hours) of exposure, the number of smokers 
present (within 10 ft), the size of each exposure loca¬ 
tion, and the air ventilation characteristics of each loca¬ 
tion (i.e., open windows, air conditioning). Subjects 
were asked to rate the size of each exposure location 
on a 3-point scale as follows: 1 - large, defined as 
auditorium size; 2 • medium, defined as kitchen or liv¬ 
ing room size; and 3 - small, defined as small, single¬ 
person office size. 

For each portion of a day, subjects were also asked to 
indicate whether they had been exposed to one or 
more people smoking in a car. Those who answered 
"yes" were asked how many people were smoking, 
the duration of exposure (measured in quarter hours), 
and whether windows were open or air conditioning 
was being used. The location size score for exposures 
in a car were automatically coded a 3, which cor¬ 
responded to a small indoor exposure location. 

The recall interview was structured so that for each 
portion of a day the subject could report on a single in¬ 
door exposure and one exposure occurring in a car. 
Thus, the maximum number of exposure events that 
could be recorded in a given day was 6 (3 segments in a 
day x 2 exposures per segment), and 24 for the entire 
4-d recall period. If multiple exposure locations were 
reported in the same portion of the day, the more ex¬ 
tensive exposure was recorded. Very few subjects re¬ 
ported multiple exposure locations during the same 
portion of a given day. Thus, the exposure repons re¬ 
corded represent a fairly complete picture of a 
subject's perception of exposure to tobacco smoke 
over the 4 d preceding the interview. 

In addition to information on tobacco smoke expo¬ 
sure, subjects were questioned about their current and 
past health status, work history, and personal charac¬ 
teristics. All subjects were given a lung function test 
and asked to provide a 6-mi urine sample for deter¬ 
mination of cotinine. 
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Urine specimens were frozen at ~80°C until the coti- 
nine assay was performed. Assays were done within 6 
mo of collection and without knowledge of the sub¬ 
ject's smoking or exposure status. Cotinine was quan¬ 
tified using high pressure liquid chromatography 
(HPLO. n To check the accuracy of the assay, control 
samples with established mean cotinine values were 
performed with each HPLC run. If control values could 
not be repeated (i.e., coefficient of variation > 10%), 
the assay was redone. 

Exposure measures. Several indicators of exposure 
to ETS were constructed from interview responses. 
From the information collected in the 4-d recall, five 
measures of ETS exposure were computed. These in¬ 
cluded (1) the total number of exposures, computed by 
summing the number of indoor and car exposures re¬ 
ported by subjects; (2) total duration of exposures, 
computed by summing across all reported exposures, 
the number of minutes exposed to tobacco smoke; (3) 
the intensity of exposures, measured by summing 
across ail reported exposures, the number of smokers 
to whom the subject was exposed within 10 ft; (4) the 
size of exposure locations, computed by summing the 
size scores across all exposures; and (5) the ventilation 
characteristics of exposure locations measured by hav¬ 
ing subjects indicate for each location whether it was 
ventilated (i.e., open windows or air conditioning) or 
not (ventilated - 1, not ventilated - 0), and then sum¬ 
ming the ventilation scores across all exposures. 

In addition to measures derived from the 4-d recall, 
several general indicators of current ETS were assessed. 
These included (1) the number of cigarette/dgar/pipe 
smokers living in the subject's home (coded as none, 
one, two, or more); (2) among married subjects, the 
smoking status of their spouse; (3) among currently 
employed subjects, exposure to tobacco smoke at 
work; and (4) a rating by subjects of the number of peo¬ 
ple they see regularly (i.e., friends, relatives, co¬ 
workers) who smoke (response categories were none/ 
few, some, most/all). 

Data analysis. Analyses were restricted to lifelong 
non-smokers and ex-smokers. Two subjects who used 
chewing tobacco were excluded from analyses. Other 
exclusions included 45 subjects from whom urine sam¬ 
ples were not obtained or were lost; 14 subjects for 
whom the cotinine assay was judged to be unreliable, 
i.e., coefficient of variation greater than 10%; and 6 
subjects whose cotinine levels exceeded 90 ng/mi and 
were, therefore, classified as active smokers. The cut- 
point of 90 ng/ml to distinguish between active and 
passive smoking was based on a comparison of the dis¬ 
tributions for reported non-smokers and current smok¬ 
ers. Subjects excluded from the analysis did not differ 
significantly from those retained in the analysis with 
regard to demographic characteristics or self-reports of 
exposure to ETS. 

The bivariate relationship between urinary cotinine 
and measures of ETS smoke exposure were evaluated 
by either one-way analysis of variance or Pearson Prod¬ 
uct Moment correlation coefficients, as appropriate. 
Multiple regression analysis was employed to evaluate 
the relationship between urinary cotinine and meas- 
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ures of exposure to passive smoke, controlling for the 
following potential confounding variables: age; sex; 
time of day when the specimen was collected (coded 
as: morning, afternoon, evening); and time of year 
when the specimen was collected (coded as: indoor 
months • November through April and outdoor months 
• May through October). 

One-way analysis of variance was used to evaluate 
the relationship between the characteristics of subjects 
and exposure to ETS as measured in the 4-d recall. A 
stepwise multiple regression analysis was performed to 
assess the multivariate importance of variables found in 
the bivariate analysis to be associated with reported ex¬ 
posures. 

Results 

Seventy-six per cent (501/663) of the subjects re¬ 
ported exposure to tobacco smoke in the 4 d preceding 
the interview. The average number of exposures re¬ 
ported over the 4-d period was 3.3 (range: 0 to 21 ex¬ 
posures). Among the 501 exposed subjects, the average 
daily exposure was 2 h (range < 1 h to 13.25 h Id). Re¬ 
ported exposure locations in order of frequency were 
work (28%), home (27%), restaurants (16%), private 
social gatherings (11%), in a car or airplane (10%), and 
in public buildings (8%). 

Twenty-two per cent of subjects (n - 145) lived with 
a smoker. Of the 466 married subjects, 94 reported that 
their spouse smoked. Among currently employed sub¬ 
jects (n - 343), 77% reported being exposed to tobac¬ 
co smoke at work. Twenty per cent of subjects stated 
that smoking is prohibited in their home; 40% pro¬ 
hibited smoking in their car. Fifty-seven per cent of sub¬ 
jects reported that none or few of their family and 
friends smoke, 29% said that some smoke, and 14% 
said that most or all smoke. 

Six hundred and five of the 663 (91%) had detectable 
cotinine levels. The mean cotinine level was 8.64 ng/mi 
(median - 6.19 ng/ml). Cotinine levels ranged from 0 
ng/ml to 85 ng/ml; 92% of cotinine values were less 
than 20 ng/ml. 

Figure 1 shows the mean urinary cotinine levels by 
the number of exposures reported by subjects during 
the 4-d recall period. Whereas concentrations of coti¬ 
nine varied widely within exposure groups, the level in¬ 
creased with the number of exposures reported (Pear¬ 
son Product Moment Correlation - 0.23, p < .01). 

Table 1 shows the relationship between urinary coti¬ 
nine and various measures of exposure to ETS com¬ 
puted from the 4-d recall portion of the interview. All 
exposure measures were significantly related to coti¬ 
nine, although the degree of association was modest. 
Exposure measures were highly intercorrelated be¬ 
cause each was based on the number of exposure oc- 1 
currences (range: r • 0.70 to r - 0.96). To evaluate the 
relationship of exposure duration, intensity, room si 2 e, 
and room ventilation with cotinine, independent of 
number of exposures, partial correlations were com¬ 
puted controlling for number of exposures. The partial 
correlation coefficients are shown in the second col¬ 
umn in Table 1. When the number of exposure occur- 
rences was controlled, only the ventilation character- o 
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istics of the exposure location was found to be signifi¬ 
cantly related to cotinine levels. 

A multiple regression anlaysis was performed to fur¬ 
ther evaluate the association between the number of 
exposure reports and cotinine while controlling for the 
age and sex of the subject and the time of day and 
month of year when the urine specimens were col¬ 
lected. Overall, this mode! accounted for 8% of the var¬ 
iability in cotinine levels. Number of exposures and the 
time of year when urine specimens were collected 
were the only variables significantly related to cotinine. 
Each exposure occurrence increased cotinine by 0.58 
ng/ml (95% confidence interval: 0.36 ngfml to 0.80 
ng/ml). 

Cotinine levels were significantly higher in subjects 
interviewed during cold weather months (November to 
April), in subjects who lived with smokers, and in those 
who reported that most or all of their friends and family 
whom they see regularly smoke. Cotinine levels also 
varied significantly by age and race. Younger subjects 
and nonwhites had higher cotinine levels. 
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A stepwise multiple regression analysis was performed 
to evaluate the predictive value of variables found in 
the bivariate analysis to be associated ip < .10) with 
cotinine. Variables included in the regression model 
were the subject's age, race, and employment status: 
the number of smokers who lived with the subject; the 
number of friends and family members seen regularly 
who smoked; and the time of the year when the inter¬ 
view was conducted. These six variables accounted for 
only 7% of the variability in cotinine levels. Three of the 
six variables were significant contributors to the model. 
These included, in order of importance, number of 
friends and family members who smoked; the time of 
the year when the interview was conducted (cotinine 
levels higher in subjects interviewed during indoor 
months, November to April); and the number of smok¬ 
ers who lived with the subject. 

The relationship between the characteristics of sub¬ 
jects and reported exposure to passive smoke as meas¬ 
ured in the 4-d recall was also assessed. Age, living with 
a smoker, number of friends and family members who 
smoked; rules governing smoking at home and in the 
car, working in a place where smoking is allowed, and 
time of year when the interview was conducted were 
all significantly associated with the number of reported 
exposures. A stepwise multiple regression analysis was 
performed to evaluate the predictive value of variables 
found in the bivariate analysis to be associated (p < 
.10) with number of exposures. Variables included in 
the regression mode! were the subject's age, employ¬ 
ment status, number of smokers who lived with the 
subject, rules governing smoking at home and in the 
car, number of friends and family members seen 
regularly by the subject who smoked, and month of the 
year when the interview was conducted. These seven 
variables accounted for 35% of the variance in 
reported exposure to passive smoke. Six of the seven 
variables were significant contributors in the model. 
These included, in order of importance, the number of 
smokers who lived with the subject; the number of 
friends and family members seen regularly by the sub¬ 
ject who smoked; the subject's employment status 
(more exposures reported by those currently em¬ 
ployed); rules governing smoking in the subject's car; 
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age (more exposures reported by younger subjects); 
and time of the year when the interview was con¬ 
ducted (more exposures reported by those interviewed 
during indoor months, November to April). Rules 
governing smoking at home was correlated with rules 
about smoking in the car ir - 0.46, p < .01), which 
may account for its failure to enter the model as a 
significant predictor of exposures. 

Discussion 

Given the self-selected nature of the study popula¬ 
tion and potentially limited generalizability of results, it 
is worth noting that the ETS exposure rates reported by 
study subjects are comparable with exposure rates re¬ 
ported in the literature.’ 1 Friedman et al. u found that, 
among 37 000 nonsmoking members of a prepaid med¬ 
ical plan who were questioned about their exposure to 
ETS, 63% indicated exposure to tobacco smoke in the 
previous week. Reported ETS exposure was strongly 
related to age, with adults in their twenties reporting 
the highest level of exposure. In this study, three- 
fourths of non-smokers interviewed reported exposure 
to tobacco smoke in the 4 d preceding the interview. 
Similar to the Friedman et a!. 13 finding, ETS exposure 
was highest among respondents in their twenties and 
declined steadily with age. 

The two most frequently mentioned locations for ex¬ 
posure to passive smoke were at work and at home. 
Among currently employed subjects, 77% reported be¬ 
ing exposed to tobacco smoke at work. Over half of all 
reported recent exposures occurred in locations where 
the subject may not have the option to avoid exposure 
(i.e., at work, in a restaurant, in a public building). This 
finding suggests that policies regulating smoking in 
public places could have a substantial impact on reduc¬ 
ing a person's exposure to ETS. 

The mean urinary cotinine level of 8.'84 ng/ml found 
among nonsmokers in this study is comparable to 
reports from other studies. 57 By contrast, the mean 
urinary cotinine level for the 130 smokers tested in this 
study was 1 254 ng/ml. Among nonsmokers, detectable 
levels of cotinine were found in the urine of 91% of 
subjects, including 132 of 162 subjects (81%) who 
reported no exposure in the 4 d preceding the inter¬ 
view. It is possible that cotinine levels were influenced 
by exposures that occurred earlier than 4 d reported on 
in the interview.’ 2 Also, it is our impression that sub¬ 
jects who are not routinely exposed to ETS may have 
difficulty recalling instances of exposure. 

This study examined several self-reported environ¬ 
mental factors that may influence cotinine levels, in¬ 
cluding the number of exposures; duration; intensity, 
i.e., number of smokers; room size; and ventilation 
characteristics of exposure locations. Consistent with 
other published reports,*'* cotinine levels tended to in¬ 
crease with the number of reported exposures to ETS. 
However, within a given exposure level, there was 
considerable variability in cotinine values. 

Cotinine was chosen as a biological marker of ETS ex¬ 
posure because it is specific to tobacco smoke. How¬ 
ever, cotinine levels in body fluids may not only reflect 
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environmental exposure to tobacco smoke, but also 
factors that influence uptake and metabolism of 
nicotine. 10,12 In controlled laboratory conditions 
(smoke chambers), it has been shown that duration and 
intensity of exposure to ETS can affect absorption of 
nicotine. 50 Results from this study show that accounting 
for exposure duration and intensity had little influence 
on cotinine levels once the number of exposures was 
controlled. Considering the room size and ventilation 
characteristics of the exposure location also added little 
to predicting variation in cotinine levels. In question¬ 
naire studies of ETS, it does not appear to be useful to 
account for characteristics of exposure location, i.e., 
duration, number of smokers, room size, ventilation 
factors. Instead, more emphasis should be placed on 
frequency measures of exposure and the number of 
smokers among acquaintances. 

Findings from this study confirm the results of other 
investigations, which have found that living with a 
smoker increases cotinine levels.*"* However, 84% of 
subjects who did not live with a smoker had detectable 
cotinine levels, which underscores the need to con¬ 
sider exposures outside the home. Among the various 
general exposure measures examined, the best predic¬ 
tor of cotinine was the number of friends and family , 
members seen regularly by the subject who smoked. : 

This measure considers home, workplace, and social 
exposures to tobacco smoke, and it represents a simple * 
way to evaluate a nonsmoker's usual exposure to ETS. * * 

Cotinine levels were found to vary by month of the 
year. Subjects who were interviewed during predom¬ 
inantly cold weather months (November to April) re¬ 
ported more frequent exposure to ETS and exhibited 
significantly higher cotinine levels than subjects inter¬ 
viewed during warm weather months (May to Octo¬ 
ber). The time of the year may not only influence the 
number of exposures to ETS but also the ventilation 
characteristics of exposure locations. 

Cotinine was assumed to be a valid quantitative 
measure of ETS exposure in this study. However, there 
were several potential problems with the cotinine 
values. Because of the way in which subjects were 
recruited, it was not possible to fix the day of the week 
or the time of day when specimens were collected, jar- 
vis et al. 4 found that plasma cotinine levels tend to in¬ 
crease in the afternoon. Time of day when the inter¬ 
view was conducted was examined as a potential con¬ 
founding variable in this study and was found to be 
unrelated to cotinine levels. Another potential problem 
with the measurement of cotinine in this study is that 
values were based on a single random urine specimen. 
Preferably, cotinine levels should be based on 24-h 
urine collection to control for variability in the concen¬ 
tration of cotinine between individual urine specimens. 

In an effort to control for variability in urinary concen¬ 
trations of cotinine, values were standardized by 
creatinine excretion, which served as a surrogate 
measure of urine concentration, and expressed as a ” 
cotinine:creatinine ratio. However, parallel analyses ® 
done on standardized and unstandardized cotinine CH 
values revealed that the correction for creatinine had 
little effect on the results. Q© 
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A recent workshop on the measurement of COtinine 
in nonsmokers recommended, for comparison pur¬ 
poses across studies, that unstandardized values be 
presented, 14 which is why we have chosen to present 
our unstandardized cotinine levels. 

The relatively modest correlation between reported 
ETS exposure and urinary cotinine indicates that other 
factors such as differing metabolic rates and body size 
may have a confounding effect on the relationship be¬ 
tween cotinine levels and questionnaire measures of 
ETS exposure. In view of this finding, we would recom¬ 
mend against using cotinine levels as a strictly quan¬ 
titative indicator of ETS. The combination of question¬ 
naire measures of exposure and biologic markers offers 
perhaps the best approach for accurately assessing re¬ 
cent exposure to ETS. 1 * 
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Three methods of measuring exposure to environmental tobacco smoke (ETS) were used in 
a random sample of a cohort of pregnant women - questionnaire, jx?rsonal monitor, and 
urine cotinine - at either 20. 28, or 36 weeks gestation. Of the three, air nicotine 
concentration and total duration of exposure from questionnaire were the most highly 
correlated (r=0.41). Of those reporting exposure, 32% reported exposure’at home, 25% at 
work, and 74% on social occasions. Air nicotine levels and total 7-day exposure duration 
were higher for home exposure, while urine cotinine levels were highest for work. 
Comparing self-report to air monitor, sensitivity was 70.8%, specificity was 59.9% positive 
predictive value (PPV) was 51.9%, with total misclassification of 36%, and Kappa of 0.29, 
indicating ’fair’ agreement. Using Tobit regression analysis, die important predictive 
variables were duration of home, work, and social exposure and number of cigarettes 
exposed to at work. The results of die study suggest that questionnaires lead to a large 
amount of misclassification which must be taken into account when assessing the effect of 
ETS exposure on pregnancy and other health outcomes and that an objective method to 
measure exposure which is sensitive, accurate, and reliable is needed to validate them. 
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Accurate and sensitive methods of measuring exposure to ETS are necessary in order to 
correctly estimate risk and interpret the results of epidemiological investigations into the 
effect of passive smoking on pregnancy and other health outcomes. Three methods of 
assessing ETS exposure are available (1) - questionnaire, air monitor (personal and 
microenvironmental), and urine cotinine. Questionnaires are the most cost effective method 
but may have substantial misclassification associated with them. Personal monitor and 
urine cotinine are direct methods of measuring exposure but they also have some 
associated measurement error. The question is often .;sked which is the most useful and 
accurate exposure measurement. In a large epidemiological study of ETS exposure in 
P r egnant women we used the three measurement methods and here present a view of their 
usefulness. 
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MATERIALS AND METHODS 

The study subjects were drawn from the first 3000 women approached to enter the Yale 
Passive Smoking in Pregnancy Study. All were private practitioner patients. Of these, 1964 
were entered between April 1988 and September 1990 and were delivered by May 30, 

1991. Six-hundred and seven were randomized to a subgroup to be monitored for one of a 
randomly chosen week during pregnancy-20 weeks gestation, 28 weeks, or 36 weeks. Of 
the 607, 499 had completed interviews (82.2%). Twenty-five percent of the non-completed 
interviews were due to occurrence of miscarriage, while 27.8% were due to missed 
interview by the interviewer. Of the 499 women successfully interviewed, 84 (17%) were 
active smokers during the monitoring period. This report deals only with the 415 women 
who were self-reported non-smokers during that period. 

During the 7-day monitoring period, each woman was to have worn a personal air monitor 
during all waking hours. At night it was placed near the bedside. On the morning of the 
last day of the 7 day period, a urine sample was collected at the first morning void. At the 
end of the monitoring period each woman was administered a questionnaire concerning her 
exposure to ETS which included questions about 1) duration of exposure at home, work, 
commuting, in social/recreational settings and other settings; 2) number of smokers within 
25 feet at work and at home; and 3) number of cigarettes smoked by the 5 heaviest 
smokers at home and at work. 

The personal passive monitor utilized in the present study has been used to measure 
ambient nicotine in several studies and is described elsewhere (2). Nicotine recovered from 
its filters is quantitated by gas chromatography. All values at or below 0.01 pg were 
considered below the detection limit of the air monitor and were assigned a zero value. 
Cotinine concentrations in urine samples were determined by gas chromatography without 
mass spectrometry (3). All values of urine cotinine at or below 2.0 ng/ml were considered 
below the limit of the assay method and were assigned a zero value. 

Tobit regression analysis (4) was used to model the natural logarithm of air nicotine 
concentration. This method takes into consideration the fact that the data is "left censored"; 
i.e., that over 60% or the subjects had undetectable air nicotine readings. 

RESULTS 

For the 415 women who reported being non-smokers during the monitoring period, the 
mean age was 31.1 years (SD=4.4), mean years of education was 15.6 (SD=2.3), 92% 
were white, and over 94% were married. The compliance rate for wearing the air monitor 
was 61.2% and for submitting a urine sample, 68%. Compliance decreased as gestational 
age increased. The average number of hours the monitor was worn during the 7-day 
monitoring period was 159.2 hours. The percent exposed by self-report was 48.9, by 
monitor, 37.9%, and by urine cotinine. 52.1%. 

Self reported exposure was positively associated with ever having smoked and being 
employed during the monitoring week. Those reporting exposure were significantly 
younger than those reporting no exposure (30.6 vs 31.6 years, p=0.0l3) and had less 
education (15.0 vs 16.1 years, pcO.OOOl). The level of air nicotine concentration was 
significantly higher in those reporting exposure (pcO.OOOl) compared to those reporting n 
exposure (25th, 50th, 75th percentiles: 0, 0.08, 0.38 pg/nv* and 0, 0,0 pg/nr\ respectively). 
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The level of urine cotinine did not differ for the exposed and non-exposed (25th, 50th, 

75th percentiles: 0, 2.3, 5.2 ng/ml and 0, 0, 5.3 ng/ml, respectively) (p=0.55). 

Table l shows the distribution of subjects by exposure location. Of those reporting 
exposure, 32% reported exposure at home, 25% at work, and 74% on social occasions. 
Close to one-half of those reporting exposure (47.8%) reported social occasions as their 
only exposure, while equal percentages (11%) reported either home or work as their only 
exjxxsure. For those reporting only home exposure, duration was significantly higher than 
those reporting only work or only social exposure (medians: 480, 232, 180 minutes). Air 
nicotine concentration was higher (p=0.10) in those reporting only home exposure than in 
those reporting only social exposure, while urine cotinine was higher in those reporting 
only work exposure than in those reporting only social exposure (p=0.02) or only home 
exposure (p=0.12). Higher cotinine levels in those reporting exposure only at work 
compared to those reporting exposure only at home may be explained by the fact that the 
mean average daily number of smokers at work was four times the mean average daily 
number of smokers at home (3.52 vs 0.82; p=0.0004), with the range of smokers at work 
in a day being 1-12 compared to a range of 0.14 to 1.40 for home. Similarly, while not 
significantly different, the mean average daily number of cigarettes to which subjects were 
exposed at work was more than twice the number to which they were exposed at home 
(9.17 vs 3.90; p=0.07), with the range at work being 1-40 cigarettes compared to a range 
of 0.50-20.0 cigarettes at home. 


Levels of air nicotine concentration, urine cotinine, duration of home, work, and social 
exposure, number of smokers at home and work, and number of cigarettes at home and 
work stratified by whether or not the air monitor indicated exposure are shown in Table 2. 
The distributions of the following variables differed by whether or not the air monitor 
indicated exposure: duration at each location, number of smokers both at home and work, 
and number of cigarettes at both home and work. The distributions of these variables 
differed by whether or not urine cotinine indicated exposure: duration of work exposure, 
number of smokers at work, and number of cigarettes at work. 


Agreement between the questionnaire and monitor for classifying a subject as exposed was 
’fair’ (Kappa=0.29), with 36% misclassification. With the monitor as the standard, 
sensitivity for the questionnaire was 70.8%, specificity was 59.9%, and PPV was 51.9%. 
The Spearman correlation coefficients for air nicotine concentration with questionnaire 
variables were: 0.41 for total duration, 0.34 for duration at home, 0.18 for duration at 
v/ork, 0.28 for social duration, 0.35 for smokers at home, 0.34 for cigarettes at home, 0.16 
for smokers at work, and 0.17 for cigarettes at work. 


When exposure was examined over pregnancy, there was a borderline significant linear 
trend for decreasing air nicotine concentration between 20 and 36 weeks gestation (p=0.10) 
and a significant decreasing linear trend in reported duration of social exposure (p=0.03), 
indicating that women may limit exposure to ETS as pregnancy progresses. 

in the modelling of iog(air nicotine concentration), duration of home, work, and social 
exposure were significant positive predictors of nicotine level, while number of cigarettes 
exposed to at work was a negative predictor. The parameter estimates and standard errors 
(SE) for these predictors are shown in Table 3. When jackknife estimates of the SE’s were 
calculated, those for squared duration of social exposure, duration of work exposure, and 
number of cigarettes exposed to at work were 1.5, 2.5, and 3.5 times higher, respectively, 


Source: httpsi^ww.industrydocuments.ucsf.edu/docstokbjOOOO 
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than those obtained in the Tobit analysis, indicating that perhaps the normality assumption 
of the Tobit method were not being met. 


Ta ble 2. Laborau 
whether or nc 


CONCLUSION 


The subjects in this study were predominantly white, middle class pregnant women and, 
as such, the low levels of exposure experienced by them are atypical. These low levels are 
not representative of other SES groups or of exposures experienced by women in countries 
where there are fewer regulations limiting smoking in public and in the workplace. In this 
sample of pregnant women, there was better agreement between the air monitor and 
questionnaire than between urine cotinine and questionnaire. However agreement was only 
’fair’ and there was 36% misclassification when exposure as determined by questionnaire 
was compared to exposure as determined by the monitor. Due to die difficulty of 
accurately estimating exposure to ETS by questionnaires, modelling of ambient air nicotine 
from self-reported exposure data may not be practical. Questionnaires are needed to 
determine time-activity patterns, important exposure locations, and broad exposure 
categories. As smoking regulations increase at the work site, residential, social and 
recreational exposures will become more important. The amount of misclassification 
associated with questionnaires must be considered when estimates are made of risks for 
adverse pregnancy outcomes associated with exposure to passive smoking. 
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Table 1. Distribution of subjects by exposure location(s). 


Whether 

Exposure 


% of 

% of 

Duration 

(mins) 

exposed 

location 

N 

Total 

Exposed 

25% 

50% 

75% 

No exposure 


212 

51 . 1 





Exposed 


293 

48.9 


1 20 

300 

780 


Any home 

65 

1 5-. 7 

32.0 

300 

600 

960 


Any work 

51 

12.3 

25.1 

75 

300 

900 


Any social 

1 51 

36.4 

74.4 

1 20 

1 80 

300 


Any other 

1 

0.2 

0.5 





Home only 

23 

5.5 

11.3 

300 

480 

840 


Work only 

24 

5.8 

11.8 

75 

232 

720 


Social only 

97 

23.4 

47.8 

90 

1 80 

300 


Home+work 

4 

1 .0 

2.0 

825 

1740 

3450 


Home+social 

30 

7.2 

14.8 

360 

780 

1 140 


Work*social 

1 6 

3.9 

7.9 

360 

525 

1050 


yar 

JcotTne 
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pjfine cotin 

(ng/ ml ) 

total dura 
(minutes) 

puration he 

(minutes) 


puration wc 
(minutes) 


puration 
(minutes) 

# smokers 
a t home 


# smokers 
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# cigarett 
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# cigarett 
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Table 2. Laboratory Values, exposure duration, smokers and cigarettes to which exposed 
by whether or not personal monitorindieated ex[X)sure. 


Exposure Exposed by 

Variable Monitor N 

1 0% 

Percentile 
25% 50% 

75% 

90% 

P 

Value' 

Nicotine n 

Yes 

96 

0.09 

0.13 

0.30 

0.51 

1.19 


(pg/m 3 ) 

No 

1 57 

0.00 

0.00 

0.00 

0.00 

0.00 

0.0001 

Urine cotinine 

Yes 

94 

0.0 

0.6 

2.8 

6.3 

9.6 


(ng/ml) 

No 

1 55 

0.0 

0.0 

0.0 

5.0 

9.3 

0.14 

Total duration 

Yes 

96 

0 

0 

1 80 

900 ‘ 

1730 


(minutes) 

No 

1 57 

0 

0 

0 

1 50 

420 

0.0001 

Duration home 

Yes 

96 

0 

0 

0 

1 1 2 

1080 


(minutes) 

No 

1 57 

0 

0 

0 

0 

0 

0.0001 

Duration work 

Yes 

96 

0 

0 

0 

0 

300 


(minutes) 

No 

1 57 

0 

0 

0 

0 

0 

0.029 

Duration social 

Yes 

96 

0 

0 

60 

1 80 

420 

•— • 

(minutes) 

NO 

1 57 

0 

0 

0 

60 

24 0 

0.0001 

# smokers 

Yes 

95 

0 

0 

0 

0.14 

1 .0 


at home 

No 

1 55 

0 

0 

0 

0 

0 

0.0001 

# smokers 

Yes 

91 

0 

0 

0 

0 

2.0 


at work 

No 

1 55 

0 

0 

0 

0 

0 

0.047 

# cigarettes 

Yes 

93 

0 

0 

0 

0.29 

5.1 


at home 

NO 

1 55 

0 

0 

0 

0 

0 

0.0001 

# cigarettes 

Yes 

89 

0 

0 

0 

0 

4.0 


at work 

NO 

1 53 

0 

0 

0 

0 

0 

0.047 


1 Statistical test used: Wilcoxon rank sum test 
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Table 3. Tobit regression parameter estimates for final model to predict log air nicotine 
concentration (n=242). 



P-Value 



Hours social 
(Hours social) 2 
Hours home 

(Hours home) 2 
Hours work 
Cigarettes at 
work 


1 

1 

1 

1 


2 

0 

0 

0 


374 
1 325 
00349 
1 040 


1 

1 

* 

1 


-0.001228 

0.1106 

-0.0753 


0 

0 

0 

0 

0 

0 


1 32 
0441 
00170 
0224 

000445 

0338 


<0 

0 

0 

<0 


0001 

0027 

0398 

0001 


0.0278 


0.0058 

0.0011 

0.0067 



Sigma 


1 . 0670 


.0908 


Equation to predict In (air nicotine concentration-!* 0.135) 


y -2.374 + 0.1325*hrssoc - 0.00349*(hrssoc) 2 4* 0.1040*hrshome -0.001228*(hrshome) 2 + 

< 106*(hrs\vork) - 0.0753*(cigwork) 

predicted value of air nicotine concentration, calculate: exp(y) - 0.135 
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Biologic markers have provided a direct method for assessing exposure ’.o environmental 
tobacco smoke (ETS) and yet few studies have used these techniques to document exposure 
in general samples of nonsmokers. Exposure to ETS was assessed by serum cotinine and 
self-report in 3300 nonsmoking participants in the CARDIA study. Nonsmoking status was 
validated by a cotinine level of <14 ng/ml. Twenty-eight percent of the 18- to 30-year-olds 
were exposed to ETS as determined by a detectable serum cotinine level (2-13 ng'ml); 
prevalence of exposure was higher among blacks than whites (32% vs 24%. P < 0.001). 
Similarly. ETS exposure as defined by self-report (hours/week) was higher in blacks, par¬ 
ticularly for exposure in the home and in other small areas. Multivariate predictors of 
cotinine-deterrmned exposure included reported exposure, male gender, lower education, 
past smoking history, and spending time with smokers. Only among current users of mar¬ 
ijuana. 20% of the sample, was the black race found to be an independent predictor of 
exposure. The prevalence of ETS exposure is higher in blacks than whites, as documented 
by self-report and confirmed by serum cotinine levels. Other correlates of exposure include 
demographic factors and factors which may be surrogate measures of exposure. e 1993 

Academic Press. Inc, 


INTRODUCTION 

Exposure to environmental tobacco smoke (ETS) 2 has been linked to a number 
of adverse health effects in children and adults (Public Health Service, 1986). In 
general, most studies have relied on a self-reported measure of exposure. The 
availability of biologic markers of tobacco smoke has recently provided research¬ 
ers with a more direct measure of exposure. Cotinine, the major metabolite of 
nicotine, is favored as the best measure of ETS exposure. It correlates well with 
self-reported exposure (Jarvis ex al., 1985, 1991; Coultas et al., 1987; Haley et al., 
1989; Cummings et al., 1990; Riboli ex al., 1990; Becher et ai, 1992); however, 
few studies have used cotinine to assess the prevalence of ETS exposure in a 
general sample of nonsmokers (Coultas et al., 1987; Riboli et al., 1990; Becher et 
al., 1992). 

The goals of this study are to assess the prevalence of exposure to ETS using 
the serum cotinine measure, to examine the relationship between self-reported 
exposure and serum cotinine levels, and to identify predictors of exposure in a 
large sample of nonsmoking young adults. Black Americans, a group for whom 
the prevalence of cigarette smoking, and thus, presumably also exposure to ETS, 


1 To whom reprint requests should be addressed. 

2 Abbreviations used: ETS, environmental tobacco smoke; 95% Cl, 95% confidence interval. 



0013-9351/93 S5.00 

Copyn*ht C 1993 by Ai*deivc Pttjs. lac 
AH nfhu of rtproductKXj » tay fora nw*rv*d 




https: 


dustfydocument 


2057826431 




4 


r ^ 

L_ i 


r ^ 

L_ J 


40 wagenknecht et al. 

is higher than in whites (Friedman et al., 1986; Fiore et al., 1989). compose half 
the sample. None of the previous studies have examined ETS exposure in blacks. 

MATERIALS AND METHODS 

CARDIA is a longitudinal study of the evolution of cardiovascular risk factors 
in 5115 urban young adults. The cohort was recruited from four urban areas to 
achieve an approximate balance on race (black, white), gender, age (18-24 and 
25-30 years), and education (high school or less, more than high school). In the 
Birmingham, Chicago, and Minneapolis field centers, participants were recruited 
by telephone or door-to-door from the total community or from selected census 
tracts. In the Oakland field center, participants were recruited from a health plan 
membership roster. Further detail regarding the recruitment of the sample and the 
study design have been described previously (Cutter et al ., 1991; Friedman et al., 
1988). Briefly, the baseline examination was performed in the morning after an 
overnight fast. Physiologic measures including blood pressure, anthropometries, 
pulmonary function, and a graded exercise test were conducted according to 
standardized protocol. Blood was drawn with the subject seated and with a tour¬ 
niquet applied for less than 2 min. Validated questionnaires were utilized when 
possible; others were developed from existing instruments. All staff were trained, 
certified, and later recertified in the tests and measurements for which they had 
responsibility. The data for this report were collected during this baseline exam¬ 
ination conducted in 1985-1986. 

Nonsmokers were those participants who reported no current, regular use of 
cigarettes (described as smoking for at least 3 months, at least five cigarettes per 
week, almost every week), cigars, pipe tobacco, smokeless tobacco, or nicotine 
gum and whose st um cotinine was <14 ng/ml (Cummings and Richard, 1988). 
(The latter restriction assured that misclassifled smokers did not bias these find¬ 
ings.) The misclassification rate in this sample has been previously described 
(Wagenknecht et al., 1992); the proportion of self-reported nonsmokers with co¬ 
tinine levels 2*14 ng/ml was 4.2%. 

Exposure to ETS was quantified by interview. Participants were questioned 
about exposure (average hours/week) to cigarette, cigar, or pipe smoke by others 
in their home, in a small space other than their home, and in a large indoor area. 
Total exposure was computed by summing these three variables. Current mari¬ 
juana use was defined as any use within the previous 30-day period. 

Cotinine was measured in the sera by radioimmunoassay (Haley et al., 1983; 
VanVunakis et al., 1987). The internal interassay coefficient of variation was 7%. 
Furthermore, the precision of the assay in the nonsmoker range in this study was 
good; in cross-classification of 130 blind duplicate samples below 14 ng/ml, 82% 
were concordant (k * 0.42; P < 0.0001) on exposure status (not detectable, i.e., 
<2 ng/ml; or detectable, i.e., 2-13 ng/ml). In the 38 pairs in which at least one 
value was in the detectable range, 35 (92%) pairs differed by 3 ng/ml or less. 

The distributions of self-reported exposure and of cotinine levels are compared 
between groups using the Wilcoxon test (Conover, 1980) since the distributions 
are highly skewed and truncated. Similarly, correlation coefficients are computed 
using the Spearman method. Multiple logistic regression techniques are used to 
identify predictors of a detectable cotinine level. All analyses were performed in 
the SAS system (SAS, 1988). 
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RESULTS 


Seventy percent (3533/5079) of CARDIA participants were reported nonsmok¬ 
ers; after making the exclusions noted above. 3300 records of confirmed non- 
smokers were available for analysis. Nearly all participants reported some ETS 
exposure with approximately one-half of the sample reporting exposure in the 
home (Table 1). About one-third reported spending time mostly with smokers. 
White nonsmokers were slightly older than blacks, more educated, and reported 
significantly less ETS exposure, specifically in the home and in small areas. 
Fewer white men and women reported spending most of their time around smok¬ 
ers than black men and women. More whites reported being exsmokers. The 
prevalence of current marijuana use did not differ between the races, although it 
was more common in men. 

Twenty-eight percent (27.9%) of the sample had detectable cotinine levels, 
indicative of exposure to ETS (Table 2). The prevalence of exposure was higher 
in blacks than whites (31.8% vs 24.2%, P < 0.001) and in those with a high school 
or less education than in those with more (33.9% vs 25.3%, P < 0.0001). Preva¬ 
lence of exposure did not differ significantly by gender (29.5% men vs 26.6% 
women). 

Of the 28% with detectable cotinine levels, the median level was 3 ng/ml (Table 
2). The distributions of detectable cotinine levels differed significantly between 


TABLE 1 

Characteristics of the Study Sample 0 




Men 


Women 


Black 

White 

Black 

White 

n 

667 

782 

932 

919 

Education 

13 4 

15.1* 

13.4 

15.0* 

(Mean years and SD) 

(1.9) 

(2.4) 

(1.8) 

(2.2) 

Age 

23.9 

25.4* 

24.2 

25.6* 

(Mean years and SD) 

(3.7) 

(3.3) 

(3.9) 

(3.4) 

ETS exposure in home (hr'week) 

75th percentile 

8 

3* 

12 

2 * 

Any exposure (%) 

55.2 

40.2* 

56.6 

34.4* 

ETS exposure in smail areas (hr/week) 

75th percentile 

8 

5* 

10 

6 * 

Any exposure (%) 

73.8 

69.2 

74.5 

69.1* 

ETS exposure in large areas (hr/week) 

75th percentile 

6 

8 * 

6 

5 

Any exposure (%) 

79.3 

87.0* 

81.7 

89.1* 

Total ETS exposure (hr/week) 

75th percentile 

30 

24 

40 

27* 

Any exposure (%) 

91.7 

95.1* 

94.3 

95.6 

Spends time mostly with smokers {%) 

33.0 

20.4* 

39.9 

17.0* 

Former smoker (%) 

12.7 

19.8* 

10.7 

26.3* 

Current marijuana use (%) 

(any use in last 30 days) 

27.9 

25.9 

14.4 

17.3 


• Sample size is reduced by up to 30 for some variables. Percentages were tested for race differences 
using a binomial test; means were compared using the normal approximation; distributions in ETS 
exposure were tested using the Wilcoxon test (i.e., rows titled 75th percentile). 

• P < 0.01 for difference between races. 
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TABLE 2 

Prevalence of Exposure to ETS (Defined as a Detectable Cotinine Level) and 
Percentiles of Detectable Cotinine. in Nonsmokers, by Gender. Education, and Race^ 


Gender/education* 

Race 

n 

Percentage with 
delectable counme 

Percentiles of detectable 
cotinine (ngml) c 

50 75 90 

Men. «HS 

Black 

292 

36.3 

3 

5 

6 


White 

M7 

33.3 

3 

5 

8 

Men. >HS 

Black 

375 

31.5* 

3 

5 

8 


White 

635 

24.3 

3 

4 

6 

Women, «HS 

Black 

387 

34.6 

3 

5 

8 


White 

178 

28.7 

3 

4 

5 

Women. >HS 

Black 

545 

27.5* 

3 

5 

7* 


White 

741 

21.3 

3 

4 

6 


Black 

1599 

31.8** 

3 

5 

7- 


White 

1701 

24.2 

3 

4 

6 

Total 


3300 

27.9 

3 

4 

7 


* Percentages were tested for race differences using a binomial test; percentiles using the Wiicoxon 
test. 

* High School or less education: more than high school education. 

r Among those with a detectable cotinine level. 2-13 n^ml. 

• P < 0.05. 

** P < 0.001. for difference between races. 

black and white nonsmokers with blacks yielding slightly higher cotinine levels. 
Distributions did not differ by education or gender. 

The expected association was observed between cotinine levels and total re¬ 
ported exposure to ETS (Fig. 1); higher cotinine levels were found in those re¬ 
porting greater daily exposure. Even so, the false report rate was high. Among 
those 575 participants reporting an average of 42 or more hours/week, 58% did not 
have a detectable cotinine level, while among those 186 reporting no known 
exposure, 23% had a detectable cotinine level. The correlation between serum 
cotinine levels and total reported exposure was 0.22 (P < 0.0001) and did not 
differ between races. Cotinine levels correlated similarly with reported exposure 
in the home (r * 0.21); the coefficient was higher in blacks (r *= 0.24) than in 
whites (r *= 0.15). 

A multivariate analysis of the predictors of a detectable cotinine level was 
stratified on current use of marijuana due to an identified interaction between race 
and current use (P * 0.06). Black race was a significant predictor of ETS expo¬ 
sure only among current users (Table 3). Other multivariate predictors of expo¬ 
sure were consistent among users and nonusers and included male gender, lower 
education, total reported exposure to ETS, reported former smoking status, and 
spending time with smokers. 

DISCUSSION 

In this first study of the black/white differences in cotinine determined ETS 
exposure among nonsmokers, a higher prevalence of exposure to ETS and slightly 
higher cotinine levels among those exposed were observed among blacks. In 
general, this finding was explained by several confounding factors: blacks re- 
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cumulative percent 



50!-1 

0 2 3 4 5 6 7 8 9 10 11 12 13 

cotinine (ng/ml) 

Fig. 1. Distribution of serum cotinine values for five categories of total reported ETS exposure 
among reported nonsmokers in the CARD1A study. Reported rvonsmokers with cotinine values »14 
ng/m) were excluded from all analyses. 


TABLE 3 

Multivariate Predictors of a Detectable Cotinine Level among Nonusers and Current 

Users (Past 30 Days) of Marijuana* 


Odds ratio (95% Cl) 6 

Nonusers Current users 

n 

2533 

657 

Race 

1.07 

1.64 

(Black vs white) 

(0.87, 1.31) 

(1.15. 2.34) 

Gender 

1.22 

1.45 

(Male vs female) 

(1.01, 1.47) 

(1.03. 2.04) 

Education (per 2 years) c 

0.88 

0.85 


(0.80, 0.97) 

(0.72. 1.00) 

Total reported exposure 

1.34 

1.31 

(per 30 hr/week Y 

(1.21, 1.49) 

(1.09. 1.57) 

Past smoking history 

1.43 

1.47 

(Former vs never) 

(1.12, 1.83) 

(1.01, 2.15) 

Spends time mostly around smokers 

2.00 

1.29 

(Yes vs no) 

(1.61, 2.49) 

(0.87, 1.90) 


* Age was dropped from the final multivariate logistic model. 

* 95% confidence interval. 

r One standard deviation in the entire population. 
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ported more exposure to ETS, particuiarly in the home and in small areas where 
exposure may be more concentrated: blacks reported fewer years of schooling: 
and blacks more frequently reported spending time mostly with smokers. Conse¬ 
quently, race was not considered an independent predictor of exposure. How¬ 
ever, we noted one exception. Among current users of marijuana, black race was 
independently predictive of a detectable cotinine level. Several explanations for 
this race-specific association were considered. Blacks who smoke marijuana may 
also smoke an occasional cigarette; such a light smoking habit would not be 
captured by the CARDIA smoking question. Another possibility is that black 
users of marijuana may be more frequently and heavily exposed to ETS and yet 
smoking prevalence rates among blacks in CARDIA are not disproportionately 
higher among marijuana users (not shown). Moreover, the presence of cotinine in 
black marijuana users suggests that among blacks, marijuana may be “cut” with 
tobacco, although we were unable to confirm this practice. Other possible expla¬ 
nations include differences in nicotine absorption, cotinine metabolism, or smok¬ 
ing efficiency, explanations which have been proposed to explain higher cotinine 
levels among black smokers (Wagenknecht et al ., 1990a), Mexican American 
smokers (Perez-Stable et al., 1990), and nonsmoking black children (Pattishall et 
al., 1985). Finally, the observed interaction may be a result of random variation: 
others have observed an opposite effect, i.e., lower cotinine levels among ciga¬ 
rette smokers who also smoke marijuana (VanVunakis et al., 1988). 

Education was also associated, inversely, with exposure to ETS. This finding is 
consistent with the strong inverse association of education with smoking preva¬ 
lence rates (Wagenknecht et al., 1990b). Persons of similar educational, social, 
and economic backgrounds tend to associate with one another, producing greater 
opportunities for exposure to ETS among the less educated. 

An independent association between exposure and male gender has also been 
reported in a study of college students living at home (Jarvis et al., 1991). Lifestyle 
differences between the genders which place men at greater risk for exposure 
outside the home were cited as a possible explanation as were gender differences 
in the metabolism and excretion of nicotine and cotinine. 

Although we observed significant associations between self-report and serum 
cotinine levels, several limitations of our exposure measure may have weakened 
the association or led to the observed false reports and should be considered. We 
computed total exposure by weighting the responses to three questions identically 
even though differences in intensity of exposure undoubtedly occur between small 
and large rooms. Other investigators have demonstrated that details regarding the 
number, duration, and intensity of exposure (including the size and ventilation of 
the room) did not add to the prediction of cotinine levels (Cummings et al., 1990). 
Instead, the single best predictor was the number of friends and family who 
smoke. Similarly, our simple measure of “spends time with smokers” was a 
strong independent correlate of a detectable cotinine level. 

Furthermore, we inquired about the average weekly exposure to cigarette 
smoke with no frame of reference given, whereas cotinine is a predictor of expo¬ 
sure during the previous 2- to 3-day period (Hoffmann et al., 1984). Thus, we 
would not expect perfect concordance between our measures. Investigators who 
have queried subjects regarding ETS exposure over the previous 4-day period 
have observed a strong association with urinary cotinine (Riboli et al., 1990). 

Another condition which may have weakened the association is poor precision 
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of the cotinine measure in this narrow range of values. Ninety percent of the 
detectable cotinine levels fell between 2 and 6 ng/ml. Since 92% of blind duplicates 
were reproducible within ±3 ng/ml. the narrow range of values among the ex¬ 
posed and the reproducibility of those values undoubtedly weakened the associ¬ 
ation. Given these limitations, it is important to note that an association between 
self-report and serum cotinine was still observed, albeit weak. Indeed, sensitivity 
was poor, perhaps due to frequent reports of exposure in large areas with less ETS 
concentration. 


CONCLUSIONS 

In summary, 28% of this urban sample of nonsmoking young adults was ex¬ 
posed to ETS as indicated by a detectable cotinine level. As hypothesized, the 
prevalence of exposure was greater among blacks. Independent correlates of 
exposure included self-report of ETS exposure, male gender, lower education, 
being a former smoker, and spending time around smokers. Black race was an 
independent correlate of exposure only among current users of marijuana, an 
association which we were unable to explain. Investigators studying the health 
risks associated with exposure to ETS should not overlook the possible variability 
associated with race, education, and gender. 
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MULTIPLE MEASURES OF PERSONAL ETS EXPOSURE IN A 
POPULATION-BASED SURVEY OF NONSMOKING WOMEN IN 
COLUMBUS, OHIO 


M. W. Ogden, R. A. Davis, K. C. Maiolo, M. F. Stiles, D. L. Heavner, R. B. Hege, 
and W. T. Morgan 

R. J. Reynolds Tobacco Co., Research Sc Development, Winston-Salem, North 
Carolina, USA 


ABSTRACT 

Environmental tobacco smoke (ETS) exposure was assessed continuously over a one- 
week period in a group of 96 nonsmoking, married women in Columbus, Ohio. 

Markers used to estimate ETS exposure were airborne nicotine and 3-ethenylpyridine 
(3-EP), and salivary cotinine. For purposes of assessing relative ETS exposure, the 
women were categorized according to husband’s smoking status (e.£., ETS-exposed if 
husband smokes). The relative exposures measured were: 8.6 for cotinine; 13.4 for 
nicotine; and 22.0 for 3-EP. These relative exposures are significantly larger than 
those assumed in recent ETS risk assessments and tend to question the validity of risk 
estimate corrections for so-called "background exposure." The same ratios measured 
for employed subjects indicate that workplace exposure is 10-fold lower than home 
exposure due to living with a smoker. In addition, these data also suggest that cotinine 
alone may be an inadequate marker for estimating ETS exposure in the general 
population. Median concentrations (all women) were found to be: 0.15 fig/m 3 (3-EP); 
0.43 Mg/m 3 (nicotine); and 0.8 ng/mL (salivary cotinine). 

INTRODUCTION 

An important issue in ETS risk assessment is that of background correction. As far as 
possible, epidemiologic studies employ control groups which are not exposed to the 
agent or action under investigation. Although tobacco use in the United States and the 
world is prevalent, and the potential exists for widespread exposure to ETS, some have 
claimed that ETS is ubiquitous (1,2) and make adjustments to risk estimates for 
exposure in control groups. Little is known about the magnitude of relative exposure in 
the population at large, and an upward adjustment to any risk estimate seems 
premature in light of the available evidence. In a recent risk assessment (2), the U.S. 
EPA adjusted the pooled U.S. risk estimate for a background correction factor (relative 
exposure) of 1.75. This factor is derived solely from relatively few measurements of 
cotinine. The generalizability to the U.S. population of much of these data is dubious, 
owing to the fact that virtually all of the studies cited were either of non-U.S. subjects 
or of a highly specialized subset of U.S. subjects (e.g ., only Hispanics, clinic patients 
and professional staff, etc.). Added to this is the observation that indices of exposure 
to ETS based on biologic markers, air monitoring, and questionnaires are not tightly 
correlated, and further, that single measures of ETS components or biologic markers 
are inadequate for characterizing normal exposure (3). In an attempt to partially 
rectify this lack of relevant data, the current study was designed. As such, this study 
has the unique distinction of; 
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(1) being representative of tne U.S. femate population with subject’s ETS exposure status j 

categorized exactly in accordance with the relevant epidemiology, (2) employing multiple \ 

markers of ETS exposure, and (3) measuring each marker over an extended time period. J 

SUBJECTS AND METHODS 

Subject Selection and Study Design . Self-reported nonsmoking, married females (n = 105) 
were recruited at random by a market research agency in Columbus, Ohio. Columbus 
was chosen as the test site due to its status as "one of the most average cities in the 
country" with its residents comprising a "demographically normal" segment of the U.S. 
population (4). A "nonsmoker" was defined as one who did not currently smoke and had 
not done so for at least six months prior to the study. A "never-smoker" was defined as 
one who had not ever smoked on a regular basis. Subjects were selected to fill cells 
defined by combinations of age, income, employment status, and husband’s smoking 
status. The primary criteria were subject’s employment status and husband’s smoking 
status, for which cells were equally sized. For practical considerations, cells based on the 
remaining secondary criteria were only approximately equally sized. Subjects were 
considered employed if they worked full-time (354- hours/week) outside the home and 
unemployed if they did not work at all outside the home. None of the subjects worked in 
a location with a smoking ban. Subjects were monitored continuously for ETS exposure 
(airborne nicotine and 3-ethenylpyridine) and nicotine intake (salivary cotinine) during one 
week (February, 1991) as they went about their normal daily routines. In addition, 
subjects married to smokers monitored airborne 3-EP and nicotine levels in their homes 
continuously for the week. Both pre- and post-sampling questionnaires were administered 
by trained interviewers at the agency’s facility. Extensive data were gathered regarding 
dietary and lifestyle habits, subject whereabouts, and exposure to ETS. In addition, each ! 

subject maintained a daily activity diary during the study recording the same information 
on an hourly basis (excluding diet). Only the objective estimates of ETS exposure 
(nicotine, 3-ethenylpyridine, and cotinine), along with questionnaire responses regarding 
subject smoking history, are reported here. 


Nicotine and 3-Ethcnylpyridine Determination. All subjects wore a personal, diffusion- 
based monitor continuously for five days except during sleep, when monitors were placed 
at bedside. In addition, wives of smoking husbands placed two monitors at fixed locations 
in their homes; one in a "heavy use" area and one in a "light use" area. Heavy and light 
use areas were targeted to be rooms where the husband did most of his in-home smoking 
and little, if any, smoking, respectively. Locations typically used by the participants were 
a den or living room for the heavy use area and an unused bedroom or a child’s bedroom 
for the light use area. The monitors collected nicotine and 3-EP (a nicotine combustion 
product) on a sodium bisulfate-trealed filter which was then extracted and analyzed by gas 
chromatography with N-thermionic detection (5). With an exposure duration of five 
days, limits of detection (LOD) for 3-EP and nicotine were 0.04 and 0.13 /xg/m\ 
respectively. 


Cotinine Determination. Saliva samples were obtained by having the subject vigorously 
chew a Salivette (Sarstedt, Inc., Newton, NC) for 1 min. Four samples were obtained per 
subject, approximately one every other day, over a period of seven days (the first saliva 
sample was taken one to two days prior to the start of air monitoring). Salivettes were 
frozen immediately after sampling, transferred to the laboratory under dry ice, and stored 
frozen until analyzed. Duplicate analyses for cotinine were performed on each sample by 
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the radioimmunoassay method of Langone (6). Iri general, a cut-point concentration of 
10 ng/mL was used to differentiate smokers from nonsmokers (7). Using a 1:10 dilution 
of saliva in buffer, LOD for cotinine in saliva was determined to be 0.18 ng/mL. 


RESULTS 


Of the 105 subjects recruited for this study, 104 (70 reported never-smokers and 34 
reported ex-smokers) successfully completed the sampling phase. Eight of these subjects 
(two reported never-smokers and six reported ex-smokers) were deemed to be active 
smokers ("deceivers") based on mean salivary cotinine values > 10 ng/mL, and their data 
were excluded from analysis. All four samples for each of these subjects contained 
cotinine in concentrations > 10 ng/mL. Three additional subjects, with borderline 
cotinine results, were retained. It is likely that these three subjects were occasional 
smokers; however, their data were retained nonetheless. 


Misclassifying two out of 70 reported never-smoking subjects results in a never-smoker 
misclassification rate of 2.9%; misclassifying six out of 34 reported ex-smokers results in 
an ex-smoker misclassification rate of 17.6%; and, misclassifying eight out of 104 
reported nonsmokers results in a nonsmoker misclassification rate of 7.7%. 

Following deletion of the eight deceivers, summary statistics were computed for the 
objective estimates of personal ETS exposure in the remaining subjects, and the results are 
presented in Table 1. Data are presented according to all combinations of husband’s 
smoking status and subject’s employment status. Smoking was permitted in all of the 
subject’s workplaces. For employed subjects, 37 of 45 (82%) observed smoking near 
them while at work. 


Table 1. Analytical results (medians) of week-long personal monitoring according to 
husband’s smoking status and subject’s employment status. 


Subject’s husband 
smokes? 

Subject 

employed? 

n 

3-EP 

(Mg/m 3 ) 

Nicotine 

(Mg/m 3 ) 

Cotinine 

(ng/mL) 

yes 

yes 

23 

0.66 

2.17 

2.37 

no 

yes 

22 

0.06 

0.21 

0.40 

yes 

no 

25 

0.36 

0.87 

2.125 

no 

no 

26 

0.02* 

0.08 b 

0.23 

yes 

all subjects 

48 

0.44 

1.61 

! 

2.33 

no 

all subjects 

48 

0.02* 

0.12 

0.27 

all subjects 

yes 

45 

0.19 

0.89 

0.93 

all subjects 

no 

51 

0.11 

0.26 

0.64 

all subjects 

all subjects 

96 

0.15 

0.43 

0.82 


‘Median=0; value reported is LOD/2 
b Median < LOD 


Similarly, estimates of home ETS exposure in the smoking households are summarized in 
Table 2. Data are presented according to all combinations of sampler location within the 
home and the subject’s employment status. Relative exposure estimates were calculated as 
the ratio of median values in all pertinent categories in Tables 1 and 2, and the results are 
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Table 2. Analytical results (medians) of week-long area monitoring in smoker’s homes 


Home area* 

Subject | 
employed? 

« 

n 

i 

3-EP 
(Mg/ m 3 ) 

. 

Nicotine 

(jig/m*) 

light use 

yes 

23 

0.68 

1.14 

light use 

i no 

25 

0.25 

0.25 

heavy use 

yes 

23 

0.80 

3.30 

heavy use 

no 

25 

0.62 

1.50 

avg light Sc heavy use 

yes 

23 

0.81 

2.39 

avg light Sc heavy use 

! no 

25 

0.43 

0.93 

light use 

ail subjects 

48 

0.36 

0.56 

heavy use 

all subjects 

48 

0.63 

2.45 

avg light Sc heavy use 

all subjects 

48 

0.48 

1.63 


'For definitions of light and heavy use, see text. 


summarized in Table 3. The ratios shown in row 1 (ratio between "smoking husband" 
and "nonsmoking husband" categories) employ the definition of exposed and unexposed 
subjects used in most epidemiology studies and conform to the definitions used by NRC 
(1) and EPA (2). 


Table 3. Relative exposure estimates. 


Relative exposure 

3-EP 

Nicotine 

Cotinine 

all subjects: S/NS husband 

22.0 n 

13.4 n 

8.6 n 

unemployed subjects: S/NS husband 

18.0* 

10.9 n 

9.2** 

employed subjects: S/NS husband 

11.0 n 

10.3^ 

5.9 n 

all subjects: employed/unemployed 

1.7* 

3.4 + 

1.5* 

subjects w/ NS husbands: employed/unemployed 

3.0* 

2.6 + 

1.7* 

subjects w/ S husbands: employed/unemployed 

1.8* 

2.5* 

1.1* 

heavy home monitors: employed/unemployed 

1.3* 

2.2* 

— 

light home monitors: emplryed/unemploycd 

2.T 

4.6* 


avg light Sc heavy: employed/unemployed 

1.9* 

2.6* 

— 

home monitors: heavy/light use areas j 

1.8* 

4.4 n 

— 


•^Individual measures of central tendency not significantly different (p > 0.05) 
individual measures of central tendency significantly different (0.01 ^ p ^ 0.05) 
individual measures of centra! tendency significantly different (p 0.0003) 


DISCUSSION 




Cotinine, a major nicotine metabolite with a half-life in humans of ca. 20 h (8), is o 
considered the only viable biochemical marker of ETS exposure, although its use is not cn? 
without limitations. Body burden of cotinine is presumed to reflect exposure to nicotine; <5 
however, exposure to nicotine does not necessarily eauate with exposure to ETS. Due \oOO 


however, exposure to nicotine does not necessarily equate with exposure to ETS. Di 
unusual decay characteristics, nicotine lingers in many environments long after other 
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tobacco smoke constituents have disappeared, resulting, in many instances, in nicotine 
overestimating ETS exposure (9). This, along with possible consumption of nicotine in 
the diet and large differences in individual rates of metabolic clearance (10), limits the 
quantitative application of nicotine and cotinine in exposure assessment at low doses. 3- 
Ethenylpyridine, a combustion product of nicotine, ; s a more objective estimate of ETS 
exposure since 3-EP decays at rates similar to other ETS components (including particles) 
( 11 , 12 ). 

The concentrations of the airborne markers (Table 1) indicate that long-term personal 
exposures are considerably lower than predicted from short-term area monitoring data 
(13), even for the most heavily exposed group (/.£., nonsmokers married to smokers). 

This is due primarily to the inclusion of significant portions of sampling time in the 
absence of ETS (during sleep, travel, etc.) and is, of course, a more accurate reflection of 
true exposure. From a population perspective, it appears that for wives of smokers, 
virtually all of their ETS exposure comes from the home. The 3-EP and nicotine median 
concentrations from personal monitoring (Tabic 1, rows 1 and 3) are essentially equivalent 
to the median average home concentrations (derived from averaging the light and heavy 
monitor data from each home, Table 2, rows 5 and 6). 

The relative exposure data in Table 3 support several important conclusions. First, the 
magnitude of exposure ratios between the "smoking husband" and the "nonsmoking 
husband" category (Table 3, row 1) suggests that factors used in recent risk assessments 
(e.g. y background correction factor "Z" = 1.75 (2)) are in error for the U.S. population. 
The data reported here from three markers measured over a fairly long time period in a 
demographically representative cross-section of U.S. women suggest true values of "Z" 
are at least five- to ten-times greater. Second, the same ratios measured for employed 
subjects (Table 3, row 3) indicate that workplace exposure due to working with smokers is 
approximately 10-fold lower than home exposure due to living with a smoker. It is 
presumed by many that the only major source of ETS exposure for a nonsmoker not living 
with a smoker is the workplace (2,14,15). While this may be true, the extent of 
workplace exposure appears to be an order of magnitude lower than "spousal smoking" 
exposure. Such data contradict recent opinion that "[workplace ETS levels are generally 
comparable with home ETS levels, and studies using body cotinine measures as 
biomarkers demonstrate that nonspousal exposures to ETS are often greater than exposure 
from spousal smoking" (2, p. 1-12). A third important conclusion from the data reported 
here is that interpretation of workplace exposure based upon nondiscriminating data (e.g., 
questionnaire data, 24-hour exposure monitoring, cotinine measures, etc.) may lead to 
spurious conclusions. Such measures cannot discriminate among home, workplace and 
other exposures in the way that discreet air monitoring in specific locations can. For 
instance, Table 3 (row 6) indicates a 2.5-fold increase in the week-long nicotine monitor 
data for employed wives of smokers compared with unemployed wives of smokers (the 
same trend is noted for 3-EP monitor data; however, the difference is not statistically 
significant). A cursory analysis might conclude that employed wives of smokers have 
significant additional exposure from the workplace over their unemployed counterparts. 

We note that just such a conclusion was reached recently (15) based on questionnaire data. 
However, analysis of the relative magnitude of home exposure between these two 
categories (Table 3, rows 7-9) demonstrates that home exposures are two-fold higher for 
employed wives of smokers. Consequently, the apparent workplace effect is misleading 
and is, instead, a confounded measure of home exposure. There is no difference in the 
observed in-home smoking behavior of husbands between the two categories; however, 
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homes in the employed subject category were significantly smaller than homes in the 
unemployed subject category. Thus, we conclude that the increased home exposure is due 
to the smaller home size; a potential socioeconomic confounder. When the week-long 
personal monitoring data are corrected for exposure in the home (reported time at home 
combined with average home monitor data), the apparent workplace effect disappears. 

Also of interest in this same category are the virtually identical median levels of salivary 
cotinine (compared to a significant 2 .5-fold difference in nicotine exposure and an 
insignificant 1.8-fold difference in 3-EP exposure). This suggests that of the three 
markers used in this study to characterize ETS exposure, cotinine is the least 
discriminating. In conjunction with additional problems outlined previously, and the noted 
overall trend in differentiating ability (Table 3, row 1) among the markers, cotinine 
appears to significantly underestimate true differences in ETS exposure. 
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executive summary 

In this itudy of the personal exposure of human* to environmental tobacco smoke (ETS) components, 
field studies and operations have been completed fbr all 16 cities to be included in the study. 
Demographic data has been processed fbr the first 12 cities. ETS smoke marker data has been 
received and process fbr the first 10 cities, however, none of the data In this report has been corrected 
for mis classified subjects, based on saliva^ cotinine levels. The distribution of subjects among 
smoking and non-smoking workplaces and homes is such that ca. 54% of the participants work and 
live in non-smoking situations. A comparison of the demographic distribution of the sample 
population with that of the United States indicates that the sample population is more female and of 
higher socio-economic status. An analysis of ETS exposure as a function of family income indicates' 
important differences among income groups, but alio reveals similar differences within income 
groups. As the exposure date is segregated according to cells, it is clear that those subjects living and 
working with smokers are more highly exposed to ETS than those subjects who live and work In 
predominantly ETS-free environments. However, it is important to note that even the smoke 
exposures of subjects in Cell 1 (smoking home and work) are low relative to area concentrations of 
ETS reported in previous studies. From the data b the first 10 cities, It Is dear that in general (not 
considering cell designation), ETS Is inversely correlated with fhmily income. As expected, we have 
learned that smoking restrictions have a significant impact on ETS exposures in the workplace. For 
example, a total ban on smoking in the workplace had the effect of reducing time-weighted average 
airborne concentrations (median values) of nicotine from 0.50 \igts? to 0.026 u*/m*. Additional data 
analysis has indicated that although participants perceive their greatest exposures to ETS to occur 
in the workplace, In feet, exposure to ETS when living with a smoker Is about a Actor of five greeter 
than that received in a smoking workplace. 


INTRODUCTION 

This is the first in a series of periodic status summary reports describing the results of a study 
designed to determine human exposure to environmental tobacco smoke components. The fbcus of 
this report is a preliminary and brief examination of the data generated from the first ten cities in the 
study. It is critical to note that all of the data described in this report is of a preliminary nature, and 
is subject to revision. 

STUDY DESIGN AND OBJECTIVE 

The study design consisted of recruiting approximately 100 Individual subjects b each of 16 cities 
distributed geographically around the United States, To determine exposure, each individual wears 
e sampling pump during the work phase of his/her day, and another pump to collect samples from 
wfaioh to determine ETS exposure away from work. While attempting to create a 2x2 matrix of 
lubjects living in smoking snd non-smoking homes and working b smoking and non-smoking 
workplaces of equal cell population, the difficulties of recruiting individuals livbg and working b 
smoking environments were such that the cells were unequally populated. The sampling pumps 
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collected both particle phase and vapor phase components of ETS. Although ail subject* were 
recruited on the basis of their non-smoking status, salivary cctiniae was used to assess actual smoking 
status, as well as the relationship between directly measured ETS exposure and salivary cotinine. 

To be included in the study, individuals had to report themselves as not having used tobacco products 
in the last six months, nor using any form of nicotine patch or gum, at least 18 years of age, and 
working outside the home on x "regular" (ea. Sam until S pm) shift at a minimum of 35 hours per 
week. Individuals were also excluded from the study if they had "inappropriate" professions for such 
a study or membership in an advocacy group related to the objectives of the study (eg., no tobacco 
company workers or members of anti-smoking groups). 

Primarily, three organizations have been directly involved in the data generation fbr this study. Oak 
Ridge National Laboratory (ORNL) staff has been responsible fbr development and implementation 
of the experimental design, oversight of field sampling, quality assurance and control (QA/QC) 
surveillance of the sampling and analyses, data study and Interpretation, and reporting of results. 
Bellomy Research, Inc, (BRI) hat been reiponsible for the recruiting of subjects, sharing 
responsibility fbr field operations with the Research and Development Division of R. J. Reynolds 
Tobacco, Inc. (RJR), conduct information coding, and provide questionnaire data to ORNL. RJR 
has been responsible for provision of sampling materials and equipment, shared responsibility fbr the 
conduct of field operations, analysis of field samples, and compilation of analytical data. Note that 
while RJR and BRI maintained primary responsibility for development of recruiting and training 
materials, ORNL had final approval for all of the materials, and was responsible fbr revisions to the 
questionnaires. In order to assure objective reporting of the data to ORNL, neither BRI nor RJR had 
access to each other's data during the course of this study. 

Because of the sensitive nature of the data and the fact that some study critics may question the 
appropriateness of a tobacco company performing the laboratory analyses of the collected samples, 
a number of controls and surveillance measures were instituted to insure the quality and integrity of 
the data. These have included (but are not limited to): Both Bellomy and RJR being required to 
provide to ORNL key "raw" data prior to or immediately after completion of field operations in a 
given city. A variety of test solutions and ETS samples were generated by ORNL under controlled 
conditions and sent to RJR for analysis. Actual participant sampling systems were selected by ORNL 
staff in the field and control samples of ETS switched with RJR inserted samples, such that the 
control samples were analyzed blind as real samples by RJR Randomly selected subject records were 
manually examined and compared with coded entries to determine accuracy. 

Nearly all of the subjects were recruited through random telephone dialing or marketing research 
databases. Leu than 10% of the subjecti were recruited through mall intercept methods. During the 
initial contact, the subject must pass a screening questionnaire (administered by phone by a local 
marketing research firm, under sub-contract to Bellomy Research. Following the screening, the 
subject is assigned to a study cell On the evening of Day 1 of the subject's involvement, the subject 
arrives at the test coordination site, and is rescreened to verify the accuracy of the telephone 
questionnaire. The subject then witches an instructional video with approximately 24 other 
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participants and completes a "first visit" questionnaire concerning his/her lift style And details 
regarding the type of environment in which the subject works. The subject provides a saliva sample 
and receives his/her sampling systems, after being tested to insure that the subject can actually operate 
the sampling unit. 

On the morning ofDay 2, the subject begins sampling with the workplace pump upon hia/her arrival 
at work. The sampling apparatus consists of a sound-insulated pump (typically worn over the right 
shoulder and on the left hip) and a sampling bead, containing both particulate and vapor collection 
devices which is worn in the subject's breathing rone. The subject also completes a workplace diary, 
recording various smells and observations concerning the use of products which may affect indoor 
air quality (eg., copying machines, correction fluids, coffee, cigarettes, etc.). Subjects are requested 
to remain at their work station during the lunch period. At the end of the workday, the subject turns 
off the workplace sampling pump, completes the workplace diary, dons the away-from-work pump 
(which is outfitted with a larger battery pack to afford sampling for a minimum of IS hours), and 
returns home, conducting normal activities, such as shopping, dining, etc, on the way. The subject 
completes an away-from-work diary on an hourly basis. At bedtime, the subject takes off the pump, 
and sets It alongside of his/her bed, while the pump continues to sample. The next morning (Day 3), 
when the subject arrives at work, the away-from-work pump is turned off, and the diary completed. 
After work that same day, the subject returns to the test coordination center with *11 of the "take 
home" materials, completes a second visit questionnaire, provides a second saliva sample, and 
receives a S100 gratuity. 



ETS exposure was determined through the use of several specific and non-spedflo markers. Particle 
phase markers Included respirable suspended particulate matter (3.5 pro cut-off) (RSP), aolanesoi, 

atter (UVPM), and fluorescing particulate matter (FPM), ETS 



ultraviolet absorbing particulate 
vapor phase markers included nicotine, 3-ethenyl pyridine (3-EP), and myoimJne. Details of the 
analytical chemical procedures will be provided in the Final Report. Briefly, RSP was determined 
gravimetricslly, UVPM and PPM were determined by high performance liquid chromatography 
(HPLC) with UV and fluorescence datactors, respectively. Solanesol was also determined using 
HPLC. All of the vapor phase markers were determined using gas chromatography with thermionic 
specific (nitrogen selective) detection. Levels of salivary ootinine were determined using radio¬ 
immunoassay. 


The subject database includes a considerable amount of information, Including (but not limited to) 
demographic (age, sex, smoking history, family size, number of smokers, types of cigarettes smoked, 
income), lifestyle (exercise frequency, size and location of residence and workplace, heating and 
cooling systems, pets, dietary habits), and self-reported exposure Information (number of cigarettes, 
cigars, pipes being smoked within sight, incense burned, food cooking smells, wood burning 
fireplaces). 
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RESULTS AND DISCUSSION 

In Table 1 are presented the various urban areas around the United States in which the study wu 
conducted. Essentially, four cities were selected in each of the four Census districts. Dates of the 
field operations were item mid-May, 1993 to mid*June, 1994. Cities were chosen based on weather 
during the time of year, logistics, lack of pervasive smoking restrictions, and likelihood of high quality 
field marketing survey research support. In Table 2 is summaries d the statu* of the study as of the 
date of preparation of this report. While all of the field operations have been concluded Oast city 
completed on June 17), and much of the demographic data coded, the fraction of environmental 
tobacco smoke (ETS) marker data received from the laboratory as of the date of this report is slightly 
greater than 60% of the total, and salivary cotinine data has been received for only about a third of 
the participants. (Note that some additional data has been received in the last 24 hours, including 
salivary cotinine data fro Cities S and 6, However, there has not been adequate time to process the 
data for this report.) For that reason, none of the smoke data has been corrected for those individuals 
which may have been mls-classifled as to their smoking status, based on salivary cotinine levels. 
Virtually all of the data in this report, unless specified to the contrary, it evaluated for the first 10 
cities In the stu dy. 

Table 1 

Urben Areas Selected For Investigation 


Knoxville, TN 
Portland, ME 
San Antonio . TX 
Fresno, CA 


Boise, ID 
Seattle, WA 
Baltimore, MD 


Columbus, OH 
Bufifrlo, NY 
St. Louis, MO 


Daytona Beach, FL Grand Rapids, MI 


Philadelphia, PA 
Indianapolis, IN 

Phoenix, AZ 
New Orleans, LA 
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Table 2 

Statuj of Operations and Data Gathering Activities 



Smoke Chemistry data received and processed by 
ORNL 

Salivary Cotinine Data received and processed by 
ORNL 


10 


4 


In Table 3 are presented the initial cell assignment populations, based on the initial screening 
questionnaire results. While there were some significant problems with recruiting in City 15 
(Phoenix) which resulted in low overall totals and minimal idditlons of Cell 1-3 populations, 
general, the addition of fbur cities to the original 12 city design significantly improved the 
populations of Cells 1 - 3. 

Table 3 

Cell Populations Bued on Screening Questionnaire Assignment 
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In Figures 1 - 6 are summarized the demographio distribution of the 
in the study, which is compared with the United States Census data, extracted from the 1993 
Statistical Abstract of the United States. Note that there is a higher percentage of females in this 
study than In the general population, This may be due to two general observations from marketing 
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Figure 1. Deader Distribution: Comparison of ORNL ETS Studj' Sample with U.S. Population 
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Figure 2. Age Distribution: Comparison of ORNL ETS Study Sample with U.S. Population 
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Figure 3. Racial Distribution: Comparison of OKNL ETS Study Sample withU.S. 
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Figure 4. Educational Distribution: Comparison of ORNL ETS Study Sample with US. Sample 
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survey research, First, women are more likely to answer the telephone in a household, and that a 
higher proportion of women are more likely to participate in such a study. When adjusted for the 
under-18 year old US population, the study is comprised of a slightly larger proportion of younger 
individuals. This may be due to the requirement that participants work at least 35 hours a week on 
e regular (ca. 8am • 5 pm). In Figure 3 is presented the income distribution for the participants in this 
study and US households. In general, the participants in the study had higher femCy incomes. This 
may be due to several factors. First, since subject recruiting is conducted by telephone, the selection 
method excludes those indlvidusls which do not have telephones. Secondly, lower Income families 
may be unwilling to participate in a relatively complex experimental protocol. Finally, inclusion in 
the study required the participants to work at least 35 hours a week on a regular shift. A larger 
fraction of lower fhmily income individuals may not work a foil 40 hour work week. Also, higher 
income families often have two adult workers in the fkmily, and since subjects living in smoking 
hon us were required to be non-smokers and live with a smoker, the smoking homes may have ben 
selected from the higher income groups. With regards to the occupational distribution, the study 
contains a lower proportion of individuals in service occupations and those which work in factories. 
The latter individuals may have decided not to participate on the basis of safety or appearance 
concerns for wearing the air sampling pumps. As a result, the study contains a larger proportion of 
"white collar" workers, which may tend to be more highly paid. 

In Table 4 is presented a summary of the median exposures of individual participants segregated by 
those working in smoking and non-smoking locations, as well as away-from-work settings which 
include either smoking or non-smoking homes. Note that the measured psramater in this table Is 
actual exposure, defined as the average smoke marker concentration in A*g/m*, multiplied by the time 
of exposure, «nd the estimated breathing rate, in L/min. (Not* that a rate of 20 L/min was taken from 
the National Research Council report on Environmental Tobacco Smoke [1986].) First, it should be 
noted that only those individuals which reported consistent exposures (ie. reported observing - or not 
observing - tobacco products being smoked on their diaries, pump surveys, and last visit surveys) 
were included in this particular compilation. The ju stificatioa for this is that many individuals work 
in locations where they report smoking is permitted, but where no actual tobacco products were 
observed to have been smoked. Thus, the assignment of such a facility u a "smoking" workplace, 
when the participant did not observe smoking taking place, seems incongruous, and clouds the 
interpretation of the data. The same argument can be used for assignment to a cell including a 
smoking home environment From the data in Table 4, which are median values, it is clear that those 
individuals which live and work with smokers are exposed to substantially more ETS components 
than those who observe no cigarettes, pipes, or cigars being smoked.. For example, nicotine 
exposures for participants in Cell 1 (smoking workplace* and an away-from-work categorization 
which included a smoking home) were more than 50 times greater than those who live, work, shop, 
and commute in a truly non-smoking environment. That exposures to any discern able amount of 
ETS components occur in environments where no smoking is involved is indicative of the ubiquitous 
nature of trace levels of ETS. A comparison of exposures of participants in Cells 2 and 3 provide an 
indicator of the greatest contributor to ETS exposure. Cell 2 is populated with participants that 
reported cigarettes being smoked in their presence outside of work and who assigned themselves to 
living in a smoking home, and reported no cigarettes being smoked within their sight or smell in their 
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Table 4 

Companion of Exposure to Environmental Tobacco Smoke 

Markers amonf Different Cell* 
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workplace. Ia contrast, the participants assigned to Cell 3 confirmed smoking occurring in their 
workplace, but not observing any cigarettes being smoked outside of work (and had reported 
themselves to be living in a non-smoking home), The comparison indicates that Cell 2 participants 
are exposed (concentration times duration times breathing rate) to more than four times the amount 
of ETS components, indicating that those loca t ions outside the workplace are a much greater 
contributor to true ETS exposure. 

In Table 5 are presented similar data, but in the more conventional terms of a time averaged 
concentration of ETS components to which the participant is exposed. That is, the time averaged 
concentrations are equal to the sum of the concentration/time products for the workplace and tway- 
from-work sampling systems, divided by the total time of measurement of the two sampling systems 
(ca. 24 hours). The conclusions from the date are the tame as those for the data presented in Table 
4, however, That is, individuals that work, live, and operate around smokers receive a substantially 
greater exposure to ETS, and the away-from-work venue appears to be the primary contributor. 
However, it is extremely important to note that in general, the levels of ETS to which individuals are 
actually exposed are substantially lower than those which may be inferred from previous studies of 
ETS marker levels measured in specific areas over short durations. For example, in Guerin, et.il., 
1992, several studies of nicotine levels in offices are reported. For the most part, studies reported 
mean levels cf4 -14 /rg/m 3 . This compares with mew levels in this study of smoking workplaces 
of ca. 2.5 There may be at least two explanations for these differences. First, there has been 
a general trend in the US society for smokers not to consume their smoking materials in the presence 
of non-smokers as much as in previous decades. A second obvious explanation is that non-smokers, 
even in environments in which smoking is not restricted, spend only small amounts of time is areas 
where ETS levels ire high. Individuals may believe that they are being exposed to the smoke of many 
cigarettes because they observe such around them, but in fact, due to either/or distance from the 
smoker or the relatively short time in the presence of significant quantities of smoke, the exposures 
received from the smoke is relatively small in most cases. 

There are some practicil raisons why this and virtually any study which requires voluntary 
participation of the individual subjects can not be exactly representative of the population of the 
United States as a whole. One potential criticism of the study design is that it tends to exclude those 
individuals in lower socio-economic groups. However, the extent to which this may or may not affect 
the conclusions of the study is difficult to judge. One approach to determining the extent to which 
socio-economic status impacts study conclusions is to determine the extent to which smoke exposure 
is correlated with fhraHy income. In Table 6 is summarized the median 24-hour time averaged smoke 
marker levels as a function of self-reported family income. (Note that because the smoke marker 
levels are 24 hour averages, they are directly proportional to actual ETS exposure over the measured 
time period.) With the exception of solanesol, which in many cases the concentrations of which were 
at or near detection limits, there is a definite inverse proportionality between family income and 
smoke exposure. The lowest income groups may receive 2-6 times the exposure to ETS marker 
components as the higher income groups in the study. For example, the median time weighted 
average (TWA) level of 3-ethenyl pyridine (3-EP) was 0.135 ^g/m 3 fbr those with family incomes 
<S10K, compared with 0.020 (l&m* fbr those with incomes greater than S100K. 
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Ralxtiomhlp of Household Income 

and Airborne Concentration of Environmental Tobacco Smoke Markers 


Lew than 10 


10-20 


»! 


l1S5 


0.111 


>|tli 


|.146 


0.114 



0.031 


0,019 







2.06 



*&$*•**■ 


0,0031 



0-30 


30-40 


50 .Jl 
106 


n - 51 


ore than 100 


0.069 


0.0 66 


0.033 


0.019 


0.020 


.081 


0.083 


» 


o 

M 

c* 

o 

0.042 

1 fa -1731 



0.054 


-.016 


0.014 


0.011 


17.1 


1.67 


0.894 


1.06 


0.85 


0.003 1 


0.003 2 


o.oo: 


| Vt V|f« 1 V,V¥^ 

— —1 —j —| 1 


1- 

sSSSsSSm 

0.021 0.001 

13.8 . 

1.21 

0.697 

0.003* H 





jugvw ,| ,■ 

_L 

t 

J 

_ 1 


1 

* 


1 0.026 i 0,006* 13.8 

_L22_1 P-573 


1 1 1 ■ 1 

_ |_ | | { _| 1 

LZU 


'Analytical blank-corrected samp) e/(S ampling time x Flow nit) * vi/m* par Sample; 

[Gig/xrf, Away from work sample x Hour*, Away ftom work sample) + 0Work ample x Kcurs, Work 
iamplc)y(Hourr, Away from, work f ample + Hourr, Work sample) * Time Averaged \L$/m v 

a ActuaI value was non-detectable; one half of the limit of detection, in ug» and avenge flow rate, and an 24-hour 
time were used. 



This document eon: kins data of a preliminary nature and is subject to revision and correction. 



Source: hllpSj/www.indusIrydocuments.ucsf.edu/docs^kbjOOOO 





























In Table 7 are presented data regarding the affect of workplace restrictions on ETS marker levels to 
whjph individuals are exposed, Note that the data presented is the time averaged concentration of 
component to which the subject was exposed over the approximately 8 hour work day. (To derive 
actual exposure in h would be only necessary to multiply the actual time of exposure by the 
estimated respiration rate and the marker concentration), The data indicates that smoking restrictions 
have a substantial effect on the workplace exposures to ETS. For example, median exposures to 
fluorescing particulate matter (FPM) decreased by a factor of six when smoking is restricted to 
designated areas ( 4.65 ngjrr? to 0.85 ^g/m 3 ), and reduced by another factor of two when banned 
from the interior workplace. 3-ether,y! pyridine and nicotine exposures decreased similarly, but by 
a factor of 3 - 5. 


Based on the ETS marker date from the first 10 cities, it appears that there is a important difference 
between the perception of individuals' exposures to ETS (as judged by self-reported Impressions of 
the number of cigarettes smoked around them) and the reality of that exposure (as judged by the 
actual levels of smoke constituents collected by the sampling pumps at and away-from work). In 
Figure 9 is summarized the location of all of the tobacco products to which individuals reported 
exposure. This data is taken from the last visit survey, which the individuals complete upon their 
return to the test coordination center in their city, (Note that this is essentially a recollection of the 
diary data, a count of all of the smoking products, regardless of a subject's classification, and not the 
data taken directly from the diary.) Greater than 50% of all of the tobacco products observations 
occur at work. About 25% of the observations are at home, and the remaining 25% are distributed 
between other locations. The away-from-work cigarettes (in this case, from Cities 1 - 12) observed 
are presented according to a more detailed categorization in Figure 8. Nearly 60% of all of the 
cigarette "exposures" (actually observations of cigarettes being smoked around the subjects) during 
the away-from-work sampling occur inside the private residence. From tne data presented in Figure 
7, one might infer that the greatest exposure to ETS occurs in the workplace. 


However, such an inference is contrary to the data presented in Table 8, which is a comparison of 
actual exposures (It., concentration multiplied by duration of exposure and average breathing rate) 
in micrograms, u%. for three group* of subjects: those that consistently reported observing cigarettes 
being smoked in their workplace, individuals who consistently reported cigarettes being smoked 
around them away from work, and who reported living with a smoker, and a subset of the Utter 
group: those who reported eigtrettes reported being smoked inside their residence in their away- 
from-work diaries. (In Table 9 are presented the TWA airborne concentrations of ETS markers used 
to compute the exposures.) Using the markers nicotine, FPM, and 3-EP, the data shows that median 
exposures to ETS are approximately five times greater away from work than in the workplace. The 
data also indicates that the more highly exposed individuals in each category are exposed to ETS to 
a greater extent away from work. For example, comparing the 80th percentile cut points for the three 
categories for nicotine and 3-EP, the exposure cut points for the away-from-work locations which 
include a smoking home are twice the amounts found in the smoking workplaces. An examination 
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Figure 7. Self Reported Impression of Tobacco Products on Last Visit Survey 
Percent of Total Number Reported by Location 
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Figure Non-work Tobacco Product! Reported on Homa Diary 
Percent of Total Tobacco Products Reported by Location 






































ftLVG 04 '94 
JITCD •>» IB-40* 


08:31PM PHILIP MORRIS^RS^ TT ^ 
itS^hi+j i^Hi> L>iY. vmue. rHrtffe155767556 


P.20 

P.20/21 


of the data in Table 9 indicates that there are two primary contributors to the greater exposures a 1 
from work. First, TWA levels to ETS components are typically two - three times as high, and 


average length of exposure is twice as long away from work. 


CONCLUSIONS 


Smoke marker data hu been processed through the 


the study. The data 


indicates that while overall smoke exposures are low, that individuals living and working with 
smokers are exposed to substantially greater amounts of ETS than those who live and work in ETS- 
free environments. However, while most individuals perceive their greatest smoke exposure to occur 
in the workplace, in fact, of those people who live with smokers, their exposure is about five times 
greater than those who work around smokers. 
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Effect of the Type of Workplace Smoking Restriction! 
on Airborne Concentrations of Environmental Tobacco Smoke Markers 
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Determination of Human Exposure to Environmental Tobacco Smoke* 


Project Status and Summary 


Roger A. Jenkins, Ph.D. and Michael R. Guerin, Ph.D. 

Co-Principal Investigators 


Chemical and Analytical Sciences Division 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37831-6120 


* Presented to the Occupational Safety and Health Administration, March 16, 1994 
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SPONSOR 


• Funded by the Center for Indoor Air Research, Linthicum, MD 
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STUDY OBJECTIVE AND DESIGN 

Determination of Personal Exposure to Environmental Tobacco Smoke 


• 16 cities, distributed geographically 

• 100 participants (non-smokers) recruited from each city 

• Each participant wears sampling pump at workplace (8 hours) and 

"away from work" (16 hours) 

"Away from Work" includes commuting, dinner, shopping, home, 
sleeping. 

• Collection of particle phase and vapor phase ETS components. 

• Smoking status assessed through salivary cotinine. 

• Field operations began May 16, 1993, and are expected to be 

completed by mid-June, 1994. Final Report: December 31, 1994 

This document contains data of a preliminary nature and is subject to revision and correction. 

Source: https://vvwwjndustrydocumenls.ucsf.edu/docs/hkbjOOOO 


PARTICIPANTS SCATTERED 
ACROSS FOUR MAJOR CENSUS REGIONS 


• NORTHEAST • SOUTH 


Portland, ME 
Buffalo, NY 
Phildelphia, PA 


Knoxville, TN 
Daytona Beach, FL 
San Antonio, TX 
New Orleans, LA 
Baltimore, MD 


• MIDWEST 

Grand Rapids, Ml 
Columbus, OH 
Indianapolis, IN 
St. Louis, MO 


WEST 

Fresno, CA 
Boise, ID 
Seattle, WA 
Phoenix, AZ 


This document contains data of a preliminary nature and is subject to revision and correction. 
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PARTICIPANT INCLUSION CRITERIA 



• No membership in smoking related public interest group (eg. Sierra 

Club and NRA ok, but not Action on Smoking and Health, or American 
Heart Association) 


This document contains data ot a preliminary nature and is subject to rovisbn and correction. 
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PARTICIPANT "ITINERARY" 


Subject. 

• Is contacted in random telephone survey. 

• Passes screening questionnaire and is assigned to a population celi 

[eg Smoking/Non-smoking Home or Workplace]. 

• Arrives at test site on the evening of Day 1 and is rescreened to verify 

accuracy of telephone questionnaire. 

• Watches an instructional video, answers a "first visit questionnaire" 

concerning lifestyle, receives sampling pump systems, and provides 
a saliva sample. 

• Begins sampling using personal pump at work on morning of Day 2, 

and fills out "workplace diary" on an hourly basis. 


This document contains data of a preliminary nature and is subject to revision and correction. 
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PARTICIPANT ITINERARY" 

(continued) 


• At end of work day, turns off workplace sampling pump, completes 

"workplace diary", dons home pump (outfitted with larger battery 
pack), goes home via store, restaurant, etc. Fills out "home diary" on 
an hourly basis. 

• At bedtime, removes home pump and sets it alongside bed, 

continuing to sample. 

• On morning of Day 3, after arriving at work, turns off home pump, 

completes "home diary." 

• After work on Day 3, returns to test center with all materials, 

completes "second visit questionnaire," provides second saliva 
sample, and receives $100 gratuity. 


This document contains data of a preliminary nature and is subject to revision and correction. 
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INSTITUTIONAL RESPONSIBILITIES 

Oak Ridge National Laboratory 

• Overall study design and oversight 

• Independent QA of sampling and laboratory analyses 

• Observation of and assistance with field operations 

• Data integration, interpretation, and reporting 

Bellomy Research 

• Questionnaire design and field recruitment of subjects (through 

subcontractors) 

• Assistance with field operations 

• Coding of subject demographic data 

R.J. Reynolds Tobacco Co., Inc. 

• Field sampling operations and logistics 

• Sample management 

• All chemical analyses (ETS and saliva) 

Tttis document contains data of a preliminary nature and is subject to revision and correction. 
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CONSTITUENTS MEASURED 


ETS Particle Phase 

• Respirable suspended particulates 

• UV-absorbing particulate matter 

• Fluorescing particulate matter 

• Solanesol (tobacco specific marker) 

ETS Vapor Phase 

• Nicotine 

• 3-ethenyl pyridine 

• Myosmine 

Saliva 

• Cotinine 


This document contains data of a preliminary nature and is subject to revision and correction. 
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SUBJECT INFORMATION DATA BASE 

• DEMOGRAPHIC 

Age, sex, family income, smoking history, family size and number 
of smokers in the home. 

• LIFESTYLE 

Exercise frequency, size and location of home and workplace, 
heating and cooling system, pets, dietary habits 

• SELF REPORTED EXPOSURE INFORMATION 

Number of cigarettes cigars, pipes, being smoked; incense 
burned, food cooking smells, wood burning fireplaces 

• WEATHER DURING EXPOSURE STUDY 

Temperature, relative humidity, cloud cover, precipitation 


This document contains data ofa preliminary nature and is subject to revision and correction. 
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INDEPENDENT QA OF LABORATORY ANALYSES 


• Nicotine and 4-ethenyl pyridine solutions 

• Nicotine and 4-ethenyl pyridine spiked XAD-4 sampling traps 

• UVPM/FPM/Solanesol solutions 

• XAD-4 traps exposed to known atmospheres of ETS 

• Platinum wires of known weights 


This document contains data of a preliminary nature and is subject to revision and correction. 


T8P9S84S0S 


Source: hllps^/www.induslrydocumenls.ucst.edu/docs.'hkbjOC 


INDEPENDENT QA OF FIELD OPERATIONS 


• Electronic copies of pump flows provided to ORNL staff before leaving 

test city. 



• Work and home diaries copied and expressed to ORNL within two 

days following receipt by marketing research firm. 

• Examination of randomly selected subject records and data entry 

accuracy. 


This document contains data of a preliminary nature and is subjoct to revision and correction. 
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Number of Observations 
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This document contains data of a preliminary nature and is subject to revision and correction. 

Data from Cities 1 - 6. 
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This documant contains data of a preliminary nature and is subject to revision and correction. 
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This document contains data of a preliminary nature and is subject to revision and correction. 
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1993 ClAR Air Quality Study 


Cities 1 - 6 


Time Averaged Exposures by Cell 


Cell, 

Description 


Smoking Home/ 
Smoking Workplace 


Smoking Home/ 
Non-Smoking Workplace 


Non-Smoking Home/ 
Smoking Workplace 


4 

Non-Smoking Home/ 
Non-Smoking Workplace 


Number of 
Participants 


Time Averaged Exposure Levels, pg/m 3 


52 


52 


71 


260 



3-EP 

Nicotine 

Myosmine 

RSP 

UVPM 

FPM 

Solanesol 

Median 

0.466 

0.890 

0.139 

21.0 

7.66 

5.04 

0,028 

Low 

0.008 

0.015 

0.006* 

2.04 

0.982 

0.351 

0.003* 

High 

5.52 

14.5 

1.20 

122 

77.4 

69.4 

1.86 

Median 

0.378 

0.736 

0.082 

22.6 

4.69 

3.08 

0.022 

Low 

0.009 

0.005* 

0.006* 

3.71 

0.422 

0.097 

0.003* 

High 

5.35 

6.73 

0.725 1 

190 

40.9 

29.2 

0.949 

Median 

0.070 

0.116 

0.016 

* 

19.8 

1.46 

0.815 

0.003* 

Low 

0.006* 

0.005* 

0.006* 

6.62 

0.379 

0.121 

0.003* 

High 

1.67 

4.23 

0.620 

74.6 

28.9 

20.1 

0.487 

Median 

0.022 

0.025 

0.006* 

14.7 

0.879 

0.393 

0.003* 

Low 

0.006* 

0.005* 

0.006* 

6.02* 

0.161* 

0.061* 

0.003* 

High 

2.86 

148 

1.54 

155 

22.9 

14.8 

0.232 


Total; 


435 


Includes only participants with confirmed presence/absence of ETS exposure (Diaries, Pump Surveys, Last visit Surveys) 


‘Actual value was non-detectable; one half of the limit of detection for the analyte, 
an average flow rate, and a 24 hour time period were used. 


This document contains data of a preliminary nature and Is subfoct to revision and cormctlon. 
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1993 CIAR Air Quality Study Cities 1 - 6 


Time Averaged ETS Marker Exposure Level 


Venue 

Number of 

Participants 

Median Time Averaged Exposure Levels, pg/m 3 

3-EP 

Nicotine 

Myosmine 

RSP 

UVPM 

FPM 

Solanesol 

Smoking Home 

117 

0.415 

0.780 

0.100 

22.3 

6.14 

4.03 

0.026 

Non-Smoking Home 

355 

0.027 

Q.032 

0.005 

15.3 

1.00 

0.436 

0.000 

Ratio, Smoking/Non-Smoking 

• 

15.4 

24.4 

20.0 

-- - - - - -- 

1.45 

6.12 

9.25 

8.67* 


Includes only participants with confirmed presence/absence of ETS exposure (Diaries, Pump Surveys, Last Visit Surveys) 

‘Actual median Solanesol value was non-detectable; one half of the limit of detection (0.007 pg), an average flow rate, 
and a 24 hour time period was used to calculate the ratio. 
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This document contains data of a preliminary nature and is subject to revision and correction. 
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1993 CIAR Air Quality Study Cities 1-6 


Time Averaged ETS Marker Exposure Level 


11 11 . wi’aa= i "'■■■=* 

Venue 

Number of 

Participants 

Median Time Averaged Exposure Levels, pg/m 3 

3-EP 

Nicotine 

Myosmine 

RSP 

UVPM 

FPM 

Solanesol 

Smoking Workplace 

147 

0.192 

0.243 

0.042 

20.8 

3.92 

1.96 

0.000 

Non-Smoking Workplace 

372 

0.028 

0.034 

0.006 

15.1 

1.02 

0.461 

0.000 

1 

Ratio, Smoking/Non-Smoking 


6.86 

7.15 

7.00 

1.38 

3.83 

4.25 

1.00‘ 


Includes only participants with confirmed presence/absence of ETS exposure (Diaries, Pump Surveys, Last Visit Surveys) 

'Actual median Solanesol values were non-detectable; one half of the limit of detection (0.007 pg), an average flow rate, 
and a 24 hour time period was used to calculate the ratio. 
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This document contains data of a preliminary nature and is subject to revision and correction. 
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1993 CIAR Air Quality Study Cities 1 - 6 


9 


ETS Marker Levels 

Smoking "Homes" vs. Smoking Workplaces 



Number 

of 

Median Exposure Levels, pg/m 3 
(Averaged over the period of time the sample was taken) 

Venue 

Participants 

3-EP 

Nicotine 

Myosmine 

RSP 

UVPM 

FPM 

Solanesol 

Smoking Home 

118 

0.529 

0.827 

0.108 

22.2 

7.54 

4.96 

0.031 

Smoking Workplace 

147 

0.176 

0.190 

0.039 

22.1 

2.63 

1.61 

0.004* 

Ratio, Home/Work 


3.01 

4.35 

2.77 

.v as ssz sasa r s 

1.01 

2.86 

3.08 

7.75 


ETS exposure confirmed through Diaries, Pump Surveys, and Last Visit Surveys; 
Initial cell assignments were ignored. 


‘Actual median Solanesol level was not detectable; one half of the limit of detection (0.007 pg), 
an average flow rate, and an 8 hour time period were used. 



This document contains data of a preliminary nature and Is subject to revision and correction 
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1993 C1AR Air Quality Study Cities 1 - 6 



How Does Living with a Smoker Compare 

to Working with a Smoker? 


Venue 

Number 

of 

Participants 

Median Exposures I 

pg/m 3 x Hours | 

3-EP 

Nicotine 

Myosmine 

RSP 

UVPM 

FPM 

Solanesol 

| Smoking Home 

118 

8.46 

13.2 

1.73 

356 

121 

79.3 

0.496 

| Smoking Workplace 

147 

1.41 

1.52 

0.312 

177 

21.1 

12.9 

0.032 i 


Away from work levels calculated by multiplying 16 hours by the median exposure in that venue; 
work levels calculated by multiplying 8 hours by the median exposure in that venue. 


ETS exposure confirmed through Diaries, Pump Surveys, and Last Visit Surveys; initial cell assignments were ignored. 



This document contains data of a preliminary nature and is subject to revision and correction 


Source: httpSj/www.industrydocuments.ucsf.edu/docsv'hkbjOOOO 
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1993 CIAR Air Quality Study Cities 1 - 6 



Workplace Exposure to ETS Markers 


Number of Tobacco 
Products Recorded 

Number of 
Participants 

Median Exposure Levels, pg/m 3 | 

3-EP 

Nicotine 

Myosmine 

RSP 

UVPM 

FPM 

Solanesol 

0 

(Non-Smoking Workplaces) 

353 

0.010 

0.018 

0.009* 

12.2 

0.714 

0.265 

0.004* 

0 

(Smoking Workplaces) 

37 

0.071 

0.051 

0.009* 

15.7 

1.20 

0.458 

0.004* 

1 -4 

104 

0.064 

0.070 

0.009* 

17.5 

1.18 

0.546 

0.004* 

5 -10 

46 

0.347 

0.589 

0.089 

25.4 

6.32 

3.41 

0.004* 

11 -19 

12 

0.653 

0.644 

0.084 

28.0 

9.42 

6.20 

0.040 

20 + 

13 

0.793 

1.67 

0.258 

26.5 

9.43 

6.16 

0.043 


Total: 565 


Only those tobacco products recorded in the Diary were considered. 

‘Actual levels were not detectable; one half of the limit of detection, an average flow rate, 
and an 8 hour time period were used. 
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This document contains data of a preliminary nature and Is subject to revision and correction. 
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Mean Salivary Cotinine Levels in City No. 1 


• 

• 0 * 

ENVIRONMENT ■; 

• •• •• ■ ■ ■ • • 

• V V • • • • 

• • » • • 

Mean Salivary Cotinine, 

ng/mL 

Median 

Low 

High 

Smoking home/smoking workplace 

3.77 

0.48 

5.56 

Smoking home/non-smoking 
workplace 

1.00 

0 

9.98 

Non-smoking home/smoking 
workplace 

0.36 

0 

5.48 

Non-smoking home/non-smoking 
workplace 

0.11 

0 

2.93 


* Data excluded from those individuals thought to be mis-classified regarding smoking status (ie. mean cotinine level > 
10 ng/mL) 


This document contains data of a preliminary nature and is subject to revision and correction. 
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ASSESSMENT OF PERSONAL EXPOSURES TO 
ENVIRONMENTAL TOBACCO SMOKE IN BRITISH 

NON SMOKERS 


FINAL VERSION 
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ASSESSMENT OF PERSONAL EXPOSURES TO ENVIRONMENTAL 

TOBACCO SMOKE IN BRITISH NON SMOKERS 


Keith Phillips, David A Howard, David Browne, J. Mark Lewsley 
Hazleton Europe, Harrogate, North Yorkshire, HG3 1PY, England 


• ♦ 


* 




Source: hllps^/www.induslrydocumenls.ucsl.edu/docs. , 'hkbjOOOO 


2057826507 


AUG 04 '34 11:02AM PHILIP MORRIS R&D T7 4 


P.6 



Environmental Tobacco Smoke (ETS) exposure of255 non-smoking subjects was assessed 
by several methods. Each subject wore a personal ai. sampler for 24 hours, answered a 
questionnaire about air quality and ETS exposure, and provided saliva samples for 

9 

cotinine analysis before and after the monitoring period. The study was conducted in the 
Leeds and Harrogate areas of northern England. 

Median exposure to ETS panicles was below the detection limit of 4 fig m 3 . Median 
exposure to nicotine was 0.5 pg m' 1 and median saliva cotinine levels were 0.7 ng tnL' 1 
and 0.6 ng mL' J for the pre and post-cotinine samples. Median exposure to particles from 
all sources was 142 ug nf 3 . Approximately 80% of subjects assessed their ETS exposure 
as ’none' or 'low ’. 

P 

On average, the home made the greatest contribution to ETS exposure, followed by 
leisure, and then work. Trav el was a minor contributor to exposure. 

Overall, subjects with a parmer who smokes were exposed to more ETS than subjects with 
no partner or a non-smoking partner. However there was considerable overlap in the 
exposures of individuals within these groups. 

I 

♦ 

Where subjects assessed their ETS exposure as ‘none ’ or ’low ’. this was in general 
supported by the direct measurements of exposure. However, for exposure assessed as 

'moderate' or 'high' there was a wide range in the corresponding direct measurements. 

« 
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77i£« wot a moderate correlation between exposure to nicotine and exposure to ETS 
particles (R?=0.66), bus poor correlation between nicotine exposure and saliva cctinine 
levels (F?*=-0.07for pre and 13 for post-cotirune samples) 

Overall, ETS made only a small (median 2.5%) contribution to particles from all sources 
as collected by the personal monitor. Exposure to ETS panicles did not correlate 
(&m0.04) with exposure to particles from all sources. 

Out of 327 volunteers recruited as non-smokers for this study, S3 (16%) were identified as 
likely smokers by saliva cotinine levels or detailed questioning. 
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Two main approaches have been used in the past to assess whether there is any risk 
associated with exposure to ETS. One is based on epidemiology and the other based on 
the quantities of smoke constituents to which non-smokers are exposed. 


A criticism of published epidemiological studies of ETS is that almost all failed to include 
a direct measurement of exposure level (Coultas et al. 1989). Although spousal smoking 
has frequently been used as an index of exposure in these studies, the accuracy of this 
approach has been questioned (Koo et al. 1987). Therefore, it is important to determine 
how well reported spousal smoking correlates with directly measured exposure. It is also 
important to determine how well ETS exposure can be predicted by questionnaire or by 
measurements of saliva cotinine since these approaches are also used as an alternative to 

direct measurements of exposure. In the case of cotinine measurements consideration 

* 

must be given to threshold levels (Etzel 1990) in order to exclude smokers from ETS 
exposure evaluation. There have been various ideas on what defines a regular smoker. 
The EPA for example defined regular smokers as those having more than 30 % of the 
average cotinine level found for smokers. 


Most of the information about the quantities of smoke constituents to which non-smokers 
may be exposed is based on fixed-site measurements of ETS levels in locations such as 


homes, offices and restaurants together with assumptions about die time people are 
thought to spend in these locations. There have been numerous such studies (reviewed bv 


4 
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Guerin et al. 1992) particularly in the USA, but these do not characterise properly the 
range of ETS exposure experienced by non-smokers over a period of time. 


There have, until recently, been few attempts to measure directly the exposure of people 
as they go about their normal lives, even though this approach should provide more 

9 

realistic results than those calculated from ETS levels in locations. The use of personal 
monitoring has been common practice in the industrial hygiene field for many years, but 
it is only recently that the analytical methodology has been refined sufficiently to allow 
ETS measurements to be carried out by this approach. When personal monitoring is used 
subjects can be monitored over set periods, such as 24 hours or longer. It could be 


assumed that the monitoring period is typical of a subject’s normal exposure but it is 
preferable to establish that this is the case by questionnaire. 


The levels of both nicotine and ETS particles have been determined in several studies of 
locations, but personal monitoring studies have tended to measure nicotine and not 
panicles. In view of the limitations of nicotine as a marker for ETS (Guerin et al. 1992), 
there clearly is a need for personal monitoring studies in which nicotine and ETS panicles 
are measured simultaneously. It is now possible to estimate the ETS contribution to 
panicles from all sources (PAS) by a number of methods. Measurements using ultra 

violet light (UVPM) and fluorescence (FPM) and the determination of solanesol (SolPM) 
are all used in this study. 

UVPM measurements and, to a lesser extent FPM measurements, are believed to 
overestimate ETS contributions to total particles because of the presence of interfering 

5 
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compounds. Solanesol is a constituent of Tobacco and other members of the Solanacae 
family, e.g potatoes. It is found in the particulate phase of ETS and its presence in air is 
likely to be derived only from tobacco smoke and would not be expected to overestimate 
ETS particles. 


In this study, the 24-hour exposure to ETS of a group of UK non-smokers was assessed 
by personal monitoring. Subjects were asked detailed questions about their smoking 
history and exposure to ETS, and saliva samples were taken for cotinine measurements. 
Subjects were asked to assess their overall exposure to ETS. These assessments could 
then be compared to measurements made directly using the monitor. Relative 
contributions from the home, work, leisure and travel to overall ETS exposure were 
assessed by direct measurements in conjunction with questionnaire information. In 
addition, spousal smoking, questionnaires and saliva cotinine levels were compared with 
personal monitoring as methods of assessing ETS exposure. Comparison of the methods 
of assessing ETS exposure was also made in order to determine the extent of any 
correlation. The weather conditions were also monitored and recorded throughout the 


study period. 


Some researchers refer to ’cigarette equivalents' when assessing the risk of ETS exposure 

to non smokers. However, mainstream smoke (that inhaled) is no; chemically identical to 
ETS smoke or exhaled smoke. Comparison of the quantities of ETS exposure with 

cigarette yields has been made in this study, but only to allow the magnitude of the 

• 

exposure to be put into perspective. 
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Misclassification occurs in ETS studies when smokers repon themselves to be non- 
smokers or vice versa. In this study subjects were regarded as misclassified and they 

were excluded from ETS exposure evaluation on the basis of their saliva cotmine levels. 

» 

The rejection criteria used were based on published saliva cotinine levels for smokers and 
non-smokers (Etzel 1990). 
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Potential subjects for use in this study were randomly selected from an existing data base 
of 15,000 volunteers held at Besselaar Clinical Research Unit. Leeds, England. They 
were contacted by letter and asked to take pan in a general air quality study. Those who 


volunteered had to complete a recruitment questionnaire which included a question about 
their smoking status. Only those volunteers who confirmed that they were non-smokers 


were considered, from which 327 were used on this studv. 


To avoid the possibility of influencing their behaviour, subjects were told that the purpose 
of the study was to assess Air Quality and were not informed that it was related to ETS 

exposure. 



The personal monitors were delivered by an investigator (a member of Hazleton Europe’s 
scientific staff) to each subject on the appointment date, and the use of the pump and the 
wearing of the monitor was explained. The subjects were asked to wear the monitor at 
all times throughout the 24 hour test period except when in bed or bathing/showering, 
when they were asked to place the monitor nearby in a vertical position. Each subject 
was asked to complete an activity diary over the 24 hour period and to record 

* 

observations of general air quality including the presence of tobacco smoke. 
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At the star: of the session the caps were removed from the personal monitor and the 
pump stroke counts recorded. The pump was switched on by the investigator, and a 
saliva sample (pre-sample) taken. 

After 24 hours the pump was switched off and the pump stroke counts recorded. A 
comprehensive questionnaire was completed by the investigator, with the subject referring 
to the diary as necessary. Finally, a saliva sample (post-sample) was taken. 


The pump stroke counts were used to confirm that the pump had operated continuously 


The pump flow rate was measured before and after each monitoring session. 



Dental swabs sealed in hygienic vials (salivettes, Saistedr, Leicester. England), were used 
to collect saliva samples. By removing the lid and tilting the vial to the lips, the subject 
could transfer the swab to the mouth without touching it. After chewing for a limed 
1.5 minutes, the swab was returned to the vial using the tongue. The cap was then 
replaced and the vial stored in a freezer (-20®C) unul required for analysis. 



The purpose of the personal monitor was to collect ETS particles and nicotine from the 
air close to the subject’s breathing zone throughout a 24 hour period. The monitor 

fc 

j consisted of an aluminium filter holder (Figure 1) which rested in the centre of the 
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subject's chest, supported by a rigid wire necklace. The filter holder was connected to a 
battery-operated pump (Model 222-3, SKC Ltd., Dorset, England) by flexible plastic 
tubing. The pump was concealed in a small, padded bag, attached to a belt around the 
subject’s waist and was almost inaudible when operating within this bag. 





The aluminium filter holder contained two filters in series; a Teflon front filter (FALP 
02500, Millipore UK Ltd., Hertfordshire, England) and a second filter (Fiberfilm 
T60A20, Pallflex Corp., Connecticut, USA) acidified with sodium bisulphate. The front 
filter was shown to collect all ETS particles and the acidified filter was shown to retain 
nicotine very efficiently. The front filter was sandwiched between a stainless steel sealing 
ring and a stainless steel supporting grid. In prototype designs Teflon seals and spacers 
were used but this resulted in weight changes in the front filter of several micrograms. 
The use of stainless steel rings and supporting grids eliminated this weight change. The 
acidified filter was sandwiched between Teflon spacers and this eliminated losses of 
nicotine within the filter holder. 



The pump flowrate was set to 139 mL min -! . giving a total air sample of 200 litres in the 
24-hour sampling period. At this flow raw, and with a fully-charged battery, a pump 
would run for about 30 hours when attached to the filter holder. 

The filter holder was fitted with a security tag which ensured that the subject could not 
dismantle the holder without detection. Sealing caps were used to exclude air from the 
filter holder before and after the sampling period. 
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Piracies from all sources were trapped on the Teflon from filter in the personal monitor. 
The weight collected was determined to the nearest microgram by weighing the filter 
before and if ter the monitoring period. These weighings could be carried out with good 
precision providing that static charge was eliminated from the filters prior to weighing. 
This was achieved using a commercially available, radioactive, static eliminator (PDV-l 
Amersham International pic. England). 


Experiments in a Model Room demonstrated that the collection efficiency for ETS 


panicles using a personal monitor at a flow rate of 139 mL min' 1 was equivalent to that of 
commercially available filter holders at the ’standard’ flow raw of 2 L min 1 . This result 
is to be expected for small (< 1 pm) particles such as those present in ETS. Calculations 
using the sampling rate and orifice dimensions of the personal monitor indicate that the 
panicle collection efficiency would decrease with panicle size, approaching zero 
efficiency at about 50 pm diameter. 


Panicle concentrations measured by the personal monitor do not correspond to either 

Total Suspended Panicles (TSP) or Respirable Suspended Panicles (RSP) but will fall 

% 

somewhere between these values. In this publication, the term PAS is used to refer to 
Panicles from All Sources as collected by the personal monitor. Since, in most 
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situations. RSP is a major fraction of TSP (Monn et al. 1993), the PAS results in this 
study would be expected to be similar to RSP for most subjects. 


Estimation of the 



UV, fluorescence and soianesol measurements were used to estimate the ETS contribution 
to the total quantity of particles collected by the front filter of the personal monitor. The 
use of these three methods has been discussed by Ogden cl al. (1990). 


For the UV and fluorescence measurements, the particles were extracted from the Teflon 
front filter with methanol. An aliquot of the extract was injected into a column-less high 
performance liquid chromatography (HPLC) system and passed through a UV detector 
(325 nm) and a fluorescence detector (excitation 300 nm, emission 420 nm) in series. 

The peak areas of the UV and fluorescence signals obtained were used to calculate the 
quantity of ETS particles in the extract using predetermined conversion factors. 


The soianesol content of the methanol extract was determined by reverse phase HPLC 
using methanol as the mobile phase and UV detection at 210 nm. The quantity of 
soianesol in the extract was convened to a quantity of ETS particles using a 


predetermined factor. 


The factors used to conven UV, fluorescence and soianesol measurements into weights of 
ETS panicles were established by experiments in a Model Room. ETS was generated by 

€ 

humans smoJdng combinations of typical UK cigarettes (five best-selling brands) and 
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ETS- particles were collected from the Model Room ionosphere using the personal 
monitors. A range of ETS particle weights were collected on personal monitor filters by 
varying the sampling time. The UV absorption, fluorescence and solanesol content were 
measured and the relationship with weight of particles determined. 


After the initial calibration against ETS, UV measurements were calibrated against a 
surrogate standard of 2,2’,4.4’-tetrahydroxybenaophenone (TKBP) and fluorescence 
measurements were calibrated against scopoletin as a surrogate standard. These surrogate 
standards were used for calibration purposes throughout the study. 


The relationships obtained were reasonably consistent with those reported by Ogden et al. 
(1990) for US cigarettes (Table 1). 

The ETS particles determined by the UV and fluorescence methods are commonly 
referred to as UVPM and FPM respectively. ETS particles determined by the solanesol 
method are referred to as SolPM in this paper. 

Nicotine 


Extracts of the front and back filters were basifled with sodium hydroxide. Nicotine was 
extracted into di-isopropyl ether containing N-ethylnomicotine as an imernal standard and 
triethylamine to prevent adsorption of nicotine by glassware. Nicotine was measured by 
megabore capillary GC with nitrogen-selective detection. It was shown by parallel 
sampling experiments that results for nicotine obtained using the personal monitor were 
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equivalent to those where nicotine was collected on sorbent tubes containing XAD-4 
resin, as used by Ogden et al. (1989), 



The salivette containing the saliva sample was thawed and then centrifuged to release the 
saliva from the cotton swab. N-Ethylnorcotinine was added to a 0.5 mL aliquot of the 
saliva sample as an internal standard. The aliquot was made basic with ammonium 

hydroxide and then cotinine and the internal standard were extracted into dichloromethane 

» 

and analysed by capillary GCMS in the ion monitoring mode. Mass 176 was used to 
detect cotinine and mass 190 to detect the internal standard. Mass 98 and mass 112 were 
used as confirmatory ions for cotinine and N-ethylnorcotinine. respectively. 

; Mass spectrometry was used because preliminary tests had shown that nitrogen-selective 
detection lacked adequate selectivity at low cotinine levels. There were several 
nitrogen-containing compounds at similar retention times to cotinine in some saliva 
samples and this made it difficult to confirm the presence or absence of cotinine. 



Detection limits for the analytical methods are listed in Table 2. For each sampling day 
one 'blank’ personal monitor was assembled and dismantled at the same times as the 
subjects’ personal monitors. Filters from the blank personal monitor were analysed in the 
same way as those from the used monitors. 
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Limits of detection were established by talcing account of results from the blanks together 
with the signal to noise ratio on the real samples and the calibration standards. A signal 
to noise ratio of three was required for a positive signal. Results for the blank monitors 
were not subtracted from the results for the subjects’ monitors. 


The front filter used for measuring PAS was weighed as a blank throughout the srudv. 
These weighings indicate the weight change was rarely more than 1 m. On this basis, a 
weight change of 4 fig was considered real and measurable for a subject’s filter. This 
corresponds to 4 fig in the 200 litres of air collected or 20 fig m‘ J of PAS. In practice 
PAS results were not below this detection limit for any subject. 

For many of the analyses, the levels found were below the limit of detection. This raises 
the question of how to deal with these results in the calculation of means, medians etc in 

t 

the data analyses. If a value of zero was applied when results are below the limit of 
detection then this would lead to an underestimate of average exposure. Conversely, if 
the value of the detection limit itself was applied in such cases then the average exposure 
would be overestimated. As a reasonable compromise, a value which is one half of the 
detection limit was used for the data analysis. The same compromise has been used in 
other srudies of this type, e.g Kirk et al. 198S, and Nehls e: al. 1973. 
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From the 327 volunteers recruited for the study, 72 were excluded for various reasons 
which included 7 who admitted smoking during the monitoring period. For the remaining 
255 subjects, the age and sex distribution is listed in Table 3. 



Subjects and their corresponding analytical results were excluded from the study for 
various reasons. These are listed in Table 4. 

It is debatable when using saliva cotininc levels what cut-off point should be used when 
attempting to distinguish between smokers and non-smokers. In a review of saliva 
cotinine levels. Etzel (1990) reported that non-smokers usually have levels below 5 ng 
mL' 1 but that heavy exposure can result in levels around 10 ng mL' 1 . In this study, a 
higher threshold of 25 ng mL' 1 was chosen since this would avoid the possibility that 
some heavily exposed non-smokers might be incorrectly categorised as smokers. 

The number of subjects in this study that would have been rejected as smokers at different 
threshold levels is given in Table 5; the seven subjects who admitted smoking are also 
included. 
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These results show that, in this study, the choice of the saliva cotinine level used as a 

threshold was not critical, especially in the range 15 to 30 ng mL' 1 . 


It is of interest that a further 12 subjects admitted smoking between recruitment and the 
24 hour monitoring period (but not during the monitoring period itself) and yet they were 
not identified as smokers by their saliva cotinine measurements. This demonstrates that 
saliva cotinine measurements can fail to identify occasional smokers who have not smoked 
for a few days and could thus underestimate the extent to which smokers describe 
themselves as non-smokers. It is possible that further subjects in this study were 
occasional smokers, or smokers of very low yielding cigarettes, and were not detected. 


These findings demonstrate that it can be very difficult to determine whether a person 
really is a regular smoker, non-smoker or even a casual smoker. This clearly needs to be 
taken into account in other investigations of ETS exposure. 



It was not anticipated that misclassification would occur to a significant extent in this 
study since the subjects were members of a well-documented group used for medical 
trials, and all subjects completed a recruitment questionnaire confirming their non¬ 
smoking status. In view of the recruitment criteria, it was surprising that 7 subjects 

admitted smoking during the 24 hour monitoring period (questionnaire), 12 subjects 
admitted smoking since recruitment (questionnaire), and 34 subjects were rejected on the 
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bis is of their saliva oonnine measurement. Thus 53 subjects out of a total of 327 (ie 
16%) were identified as likely smokers and some of these were clearly regular smokers. 


It is conceivable that some of the 34 subjects identified as possible smokers by saliva 
cotinine levels were really users of nicotine gum or a nicotine patch. As misclassification 


was not expected to occur at a significant level in this study, the questionnaire did not 
address possible use by the subjects of gum or patches. However, none of these subjects 
mentioned the use of nicotine gum or a patch, even though questioned in detail about their 
smoking history. Furthermore, nicotine patches were not in common use at the time of 

the studv. 


After completion of the study, the 34 subjects were contacted by the Besselaar Clinic and 
asked whether they had ever used nicotine gum or a nicotine patch. From the 17 that 
replied 16 stated that they had used neither. This suggests that the use of nicotine gum or 
a nicotine patch was not likely to be a significant factor in the identification of these 
subjects as smokers. 


The median level of saliva cotinine for self-reported smokers (or nicotine users) in the 
UK was reported (Lee 1987) to be 319 ng mL -1 for men and 311 ng mL' 1 for women. 
Subjects in this study with saliva cotinines over 100 ng mL -1 could be regarded as regular 
smokers (based on an EPA definition, 1992) even though they had described themselves 
as non-smokers during recruitment. 
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. The number of subjects found to have saliva cotinine levels greater than 25 ng oL' 1 and 
their ranges is shown in Table 6. 


Those subjects with saliva cotinine levels between 25 and 100 ng mL' 1 may be either 
occasional smokers or regular smokers who had refrained from smoking just prior to the 
test period. The misclassified subjects on this study are listed by age and sex in Table 7 


The occupations of the misclassified subjects included, for example, housewives, a nurse 
a butcher, civil servants, a cytogeneticist, a greenkeeper, clerks, labourers, a joiner. 


VDU operators, a laboratory technician, a musician and unemployed people. 


t 

ft 

r 

» 

These results indicate that people from a wide variety of occupations mis-report their 
smoking status, and that misclassification may be more extensive among men (33 out of 
150) than women (20 out of 176) in the UK. 
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In order to assess whether the 24-hour sampling period was typical of normal ETS 
exposure, subjects were asked to compare their exposure during the sampling period with 


their average exposure over the last six months. The results are shown in Table 8. 


Over 50% of subjects assessed their exposure in the monitoring period as typical of their 
average exposure during the last six months and less than 10% considered their exposure 
in the 24-hour period to be much less than normal. However, these results indicate that, 
on balance, the subjects judged their exposure to have been somewhat less than normal. 


Objective evidence that the monitoring period was similar to recent exposure is that the 
mean, median and distribution of results for the pre-monitoring saliva cotinine levels are 
in close agreement with those of the post-monitoring values. Mean pre-cotinine and post- 


cotinine were both 1.4 ng mL’ 1 and the median pre and post-cotinine 0.7 and 0.6 ng mL' 
respectively. 


i 


The vast majority of subjects reported that wearing the personal monitor did not 
significantly interfere with their normal lifestyle. 





The Study was conducted in October, November and early December. 1992. It was 
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• decided to avoid the summer months when ETS exposure wis likely to be at a minimum 
and to avoid peak winter conditions when exposure would probably be at its highest and 
the practical difficulties of conducting the study at their greatest. The months chosen for 
the study were considered to be a good compromise. 


There was a wide variation in weather conditions (as provided by the local weather 


centre) throughout’ the study. A summary is provided in Table 9. 


There were three days on which hail and three days on which sleet were observed. 

No obvious relationship could be seen between weather conditions and ETS exposure and 

0 

there were no consistent trends when results were compared on a week-by-week basis. 
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Title 10 shows the summary analytical data for all subjects. 


When reporting results, both the mean and the median values of data sets are quoted 
together with the range of values. In this type of study where the results are far from 
being normally distributee die median is a more appropriate measure than the mean. This 
is because one or two exceptionally high values can have a disproportionately large effect 
on the mean when most of the other values are relatively low. 


Except in the case of PAS, the median exposure values reported in this table are close to. 
or below, the detection limits of the methods used. This is consistent with the subjective 
assessments in Figure 2, where it can be seen that about 80% of subjects considered that 
their ETS exposure was ’none’ or ’low’. 

Figures 3 and 4 show the distributions of SolPM. nicotine and saliva cotinine results. The 
distributions are very similar in each case and show that the exposure of most subjects is 
at the low end of the range. Over 70% of subjects were exposed to less than 10 /ug m 3 
of ETS panicles, over 60% were exposed to less than 1 ug nr 3 of nicotine and over 60% 
had saliva cotinine less than 1 ng mL' 1 . 

Results for the 10% of subjects with the highest measured ETS exposure,, based on 
SolPM. are also shown in Table 10. 
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In Tabic 10, the differences between the values for UVPM, FPM, and SolPM reflect the 


susceptibility of these measurements to interference. In some cases, FPM and especially 
UVPM, were observed at fairly high levels when there was no evidence of smoke 
exposure, clearly demonstrating the presence of interference. The soianesol-bised 
measurements were more consistent with nicotine measurements and reported ETS 
exposure. For these reasons, discussion of ETS panicle values in this paper relate to 
those estimated by the SolPM method. 


Nicotine levels found in this study are in good agreement with those reported in other 
recent studies, including a study by Proctor et al. (1991) in which the nicotine exposure 
of women in Birmingham, England was measured by a personal monitoring technique. 
The saliva cotinine results are also very similar to those reported by Proctor et al. (1991). 
Table 11 compares these findings. 

Ogden et al. (1993), in a personal monitoring study of non-smoking women in the USA. 
reported median nicotine exposure of 0.43 m' 5 and median saliva cotinine of 

0.8 ng mL' ! . 

ETS particles were found to make only a small contribution to PAS (Table 12). 


Assuming a breathing rate of 1 m J per hour, a person exposed to the median levels found 

in this study would be exposed to about 1,244 mg of PAS, 17.5 mg of ETS panicles and 

% 

about 4.4 mg of nicotine in a year. This calculation assumes these subjects are exposed 


at this 24 hour median level throughout the year. 
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Based on the median levels for the tenth decile (SolPM), the most heavily exposed 
subjects would be exposed to approximately 1944 mg PAS, 561 mg of ETS panicles, and 
63 mg nicotine in a year. This calculation assumes these subjects are exposed at this 
higher 24 hour level throughout the year. 


For comparison, a typical UK cigarette delivers about 12 mg of particles and 1 mg of 
nicotine to the smoker. 


By modelling of fixed-site RSP measurements. Repace and Lowrey (1993) estimated 
typical daily non-smoker exposure in the USA, corresponding to 522 mg/year for ETS 
panicles and 52 mg/year for nicotine. For the "most-exposed' non-smokers, their 
estimates correspond to an ETS particle exposure of 5220 mg/year and a nicotine 
exposure of 522 mg/year. The data reported here suggest that non-smoker exposure to 
ETS in the UK is well below that estimated by Repace and Lowrey for the USA. 


Summary analytical results by age and sex are given in Tables 13 and 14. Male subjects 
were found to have higher average exposure to ETS particles and nicotine, and had higher 
saliva cotinine levels. The highest exposure for males and females was in the 21 to 29 


age group. 
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Questionnaire date indicate that, on average, relative contributions to tou! ETS were 
subjectively ranked as Leisure > Work > Horae > Travel, both during the monitoring 


period and during the last six months (Table 15). 


Subjects with a non-smoking spouse^partner reported their primary source of ETS 
exposure as Leisure (4-8% of cases), Work (34% of cases), and Travel (3% of cases). 
However subjects with a smoking spouse/partner reported their main source of exposure 
as Leisure (19% of cases), Work (11% of cases), and Travel (0% of cases). The spouse 
was assessed as the primary source of exposure by 53% of these subjects. 


Since subjects were not separately monitored at home, work, leisure or during travel it is 

not straightforward to assess the contribution of each of these sources to the 24 hour 
exposure. It is necessary to rely on information from the subjects about where they were 
exposed. 

Most subjects either assessed their ETS exposure as ’none’ or reported that their exposure 

was from more than one source. However, in those cases where the 24-hour result was 
attributed by the subject to a single source, the measured exposure levels, based on the 
means, suggest that the ranking is Home > Leisure > Work > Travel (Table 16). 

In view of the small numbers of subjects having a single source of exposure, another 
approach was used to assess the home, work, leisure and travel contributions to total ETS 
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‘ exposure. For each subject exposed to more than lOjtg m J of ETS particles, the 
assessment of percentage exposure from the four sources was used to distribute the 
corresponding measured 24-hour values between the four sources. Where the subjects 
assessed their 24 hour exposure as ’none’, the corresponding measured values were 
distributed according to the number of hours the subject spent at eich source. 


The mean results computed using this method again suggest that the ranking is Home > 
Leisure > Work > Travel. These computed estimates are shown in Table 17. 


The subjective and measured results both suggest that, overall, travel makes only a minor 

ft 

contribution to exposure. 


It is interesting that the ranking of sources of exposure found by measurement is different 
from the ranking perceived by the subjects. One possible explanation for this is that 
subjects have based their judgements on the relative ETS levels in the four situations 
while taking insufficient account of the time spent in these situations. 
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In order to examine the effect of spousal smoking on ETS exposure, the subjects' results 
were divided into 3 groups depicted in Table 16. 


Figure 5 shows the subjective assessments of ETS exposure m a d e by the three groups. 
These subjective results indicaw that the ranking of exposure is Smoking partner > No 
partner > Non-smoking partner, although there is considerable overlap berween 


individual subjects within the groups. In the group with a smoking spouse/partner. 53 % 
assessed their spousc/partner as their primary source of ETS exposure, 30% assessed 
work or leisure as their primary source of exposure, and 16% of subjects assessed their 


exposure as ’none’. 


The measured exposure levels and the saliva cotinine data for these groups (Table 19) 

A 

suggest the same overall ranking as die subjective data. The distribution of results for 
these groups (see Figure 6 for the distribution of ETS panicles results) confirms that 
there is considerable overlap between the amount of exposure of individuals in ihcse 
groups. Furthermore, 29% of subjects with a smoking partner were exposed to less 
than the mean ETS particle level of subjects with a non-smoking partner. 


Figure 6 shows that 40% of subjects with a smoking spouse/partner have exposure in 
the lowest SolPM range. This is in agreement with the subjective exposure assessments 


of ’none' and ’low’ chosen by 45 % of subjects in this group. 
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Thfrsc findings indicate that a group of subjects with a smoking spouse/partner is likely 
to have a higher average ETS exposure than a group with a non-smoking 
spouse/partner. However, spousal smoking status clearly cannot be used, without 
supplementary evidence, to assess reliably the ETS exposure of individuals or small 
groups of subjects. 


It can be seen from the median values in Table 19 that subjects with a smoking partner 
were exposed to about nine times more ETS particles and nicotine than subjects with a 
non-smoking partner. Corresponding data for women (Table 20) shows that the ETS 
particle exposure for those with a smoking partner was 5.5 times greater than for 
women with a non-smoking partner. The ratio was 6.5 for nicotine exposure and an 
average of 4.4 based on saliva cotinine. These ratios are higher than the ratio of 1.75 
assumed for women in the USA by the EPA (1992) in their ETS risk assessment. A 
recent study carried out in the USA (Ogden et al. 1993) has also found these exposure 
ratios to be higher than 1.75. 
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Figures 7 and 8 show the variation in measured exposure and saliva cotinine level for 
each grade of subjective exposure assessment. Although subjects were able to assess an 
exposure of 'none* or ’low' quite well, there was considerable variation in the direct 
measurements corresponding to the higher grades of subjective assessment. Some 
subjects who reported their exposure as ’high’ had less directly measured exposure than 
other subjects who reported their exposure as ’low’. 


Clearly, therefore, an individual’s ETS exposure cannot be reliably assessed by a simple 
questionnaire. Better assessments may be possible by detailed questioning about the 
hours spent in various locations and the numbers of smokers present, but this was not 
examined in this study. Delfino et al. (1993) did investigate this issue and concluded that 


“the weak relationship between questionnaire estimates of ETS exposure and counmc 
found in the present study, suggests that further investigation is needed io improve the 


assessment of recent ETS exposure". 



Saliva cotinine values showed poor correlation (R 5 * 0.06 for pre, R 5 ■ 0.14 for post) 
with 24-hour ETS particle exposure and. perhaps surprisingly, poor correlation with 24- 

hour nicotine exposure (R J = 0.07 for pre, R : *= 0.13 for post). Some subjects exposed 

* 
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k 

‘ to relatively high levels of ETS panicles and nicotine had no detectable saliva corinine. 

Conversely, some subjects who had not been exposed to any measurable quantity of 

► 

nicotine bad relatively high levels of saliva corinine. Possible reasons contributing to 
the lack of correlation could be: 



(1) Different rates of nicotine metabolism between subjects. 

(2) For many subjecu, the saliva cotinine value was close to, or below, the limit of 

detection. 

(3) ETS exposure occurring at different times within the 24-hour period for different 

subjects. 

(4) The previous days’ exposure determining the pre-cotinine level and the residual 

pre-cotinine contributing to the post-cotinine level. 

(5) Dietary consumption of nicotine. 

Poor correlations of nicotine exposure with saliva cotinine levels have also been found 
in other recent studies (Proctor et ai. 1991) and therefore the value of saliva cotinine 
measurements for estimation of nicotine exposure at low levels must be seriously 
questioned. 




Three methods were used in this study for estimating the ETS contribution to panicles 
from all sources and it might be expected that there would be a good correlation 


between the results obtained. The relatively poor correlation between UVPM and 
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SolPM (R : =0.19) and the moderate correlation between FPM and SoIPM (R J =0.46) 

can be largely explained by interference in the UVPM and FPM measurements. In 

► 

some cases where SolPM and nicotine are very low, i.e there was very little ETS 
exposure, there were relatively high levels of UVPM or FPM (Figure 9). Figure 10 


shows that if these most obvious cases of interference were removed, there would be an 


improvement in the correlation between UVPM and SolPM and between FPM and 
SolPM. Also, the slopes of the lines of best fit would then approach, more closely, the 
expected value of 1.0. 



ETS panicles and nicotine are generated in a reasonably consistent ratio during 
smoking. However, nicotine is predominantly in the gas phase in ETS and is known to 
diffuse and decay more rapidly than ETS particles (Eatough et al. 1987). Furthermore, 
nicotine absorbs on walls, fabrics etc, and can be subsequently released into an 
atmosphere after ETS particles have disappeared. Therefore, at a given time, the ratio 
of nicotine to ETS panicles may be quite different from the ratio in which they were 
generated (Nelson et al. 1992). However, in this study, a reasonably good correlation 


(R : 


0.66) was found berween levels of nicotine and ETS particles. This was possibly 


because the sampling period was relatively long, thereby smoothing out shorter term 
fluctuations in the nicotine to ETS panicles ratio. 
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There is no obvious reason why exposure to ETS partides should correlate with 
exposure to panicles from other sources, and the total lack of correlation (R 2 *= 0.04) 
found in this study is, therefore, not surprising. Clearly, measurements of panicles 
from all sources, or Respirable Suspended Panicles (RSP), should not be used to assess 
ETS exposure and it is essential to estimate the contribution ETS makes to total 
partides. 




Source: https:^vw.industrydocuments.ucsf.edu/docs. l 'hkbjOOOO 
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The results of this study indicate that, for most subjects, exposure to nicotine and ETS 
particles was close to, or below, the limits of detection of the methods used. These low 
exposure levels are consistent with the corresponding assessments of exposure made by 
the subjects, and their saliva cotinine levels. The results ire also consistent with other 
recent studies of ETS exposure by personal monitoring. 


At the median level of ETS found in this study, a person would be exposed to 
approximately 1,244 mg of particles from all sources, 17.5 mg of ETS panicles and 
4.4 mg of nicorine in a year, assuming they were exposed at this 24 hour level 
throughout the year. 



Based on the median levels for the tenth decile (SolPM), the most heavily exposed 
subjects would be exposed to approximately 1944 mg PAS, 561 mg of ETS particles, 
and 63 mg nicotine in a year. This calculation assumes these subjects are exposed at 
this higher 24 hour level throughout the year. 


For comparison, a typical UK cigarette delivers about 12 mg of particles and 1 mg of 
nicotine to the smoker. 



The above estimates of annual exposure to ETS are well below those obtained by 
Repace and Lowrey using a model based on fixed-site RSP measurements in the USA. 
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Although subjects’ assessments indicated that Leisure was the major source of ETS 
exposure, measurements by persona] monitoring showed that, on average, the Home was 
the most important, followed by Leisure and Work. Travel was only a minor 
contributor to ETS exposure. 


Subjects' assessments of their ETS exposure were not a reliable guide to their measured 
exposure except when their assessment was ’none’ or Tow'. Individuals varied 
considerably in what they considered to be ’moderate’ or ’high’ levels of ETS exposure. 


On average, subjects with a partner who smokes had about nine times greater exposure 
to nicotine and ETS particles than those with no partner or a non-smoking partner. 
However, there was considerable overlap in the exposure of individuals between these 
groups. For example, 29% of subjects with a smoking partner were exposed to less 
than the mean ETS particle level of subjects with a non-smoking partner. Clearly, 
spousal smoking sums would not be a reliable means to assess the ETS exposure of 
individuals or small groups of subjects. 


There was a moderate correlation between exposure to nicotine and exposure to ETS 
panicles as measured by solanesol (SolPM). As might be expected, there was a very 
poor correlation between these components of ETS and exposure to panicles from all 
sources. Overall, ETS made a small contribution (median 2.5%) to panicle exposure 

and it is clear that exposure to panicles from all sources cannot be used as a reliable 


measure of ETS exposure. 
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There was a surprisingly poor correlation between ETS nicotine exposure and saliva 

♦ 

cotinine level. However, other recent studies have drawn the same conclusion and • 
further work should be undertaken to establish the reliability of saliva cotinine 
measurements as a means of assessing ETS exposure. 

♦ 

There was a greater than expected number of subjects (41) who had to be eliminated 
from the study for suspected smoking even though they were recruited as non-smokers. 

S 

A saliva cotinine threshold of 25 ng mL* 1 was used to distinguish between smokers and 

*4 l 

I 

non-smokers. Results show that the threshold value used is not very critical, especially 
in the range 15 to 30 ng mL' 1 . 

9 

Saliva cotinine measurements failed to identify a ftirther 12 subjects who admitted 
occasional smoking since recruitment. It is, therefore, possible that other subjects who 
did not admit occasional smoking were also not identified. In total 53 subjects from an 
original 327 volunteers were identified as having smoked since recruitmem. 
corresponding to a 16% misclassification rate.The rate was also significantly higher 
among men (22%) than women (11%). 

Overall, this study has shown that it is feasible to assess exposure to nicotine and ETS 
panicles by personal monitoring. This method of assessing ETS exposure would be 
expected to be more accurate than the saliva cotinine and questionnaire/lifestyle 
approaches that are sometimes used. 
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Since the ETS exposure for most subjects was low and close to the detection limits of 
the methods used in this study, it would be advisable to improve the precision of 
measurements at the lowest levels by using a longer monitoring period in future studies. 
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1 m g THBP 8.0 Mi ETS particles 6.1 fig ETS panicles 

(used for UVPM) 


1 Mg scopoletin 33.6 Mi ETS panicles 22.5 Mi ETS panicles 

(used for FPM) 


1 Mg solanesol 30.0 Mg ETS panicles 38.5 Mi ETS panicles 

(used for SolPM) 


o 
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CD 


Cr 
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PAS 

20 fig m‘ J 

UVPM 

8 fig m' 3 

FPM 

4 fig m' 3 

SolPM 

4 fig m" 3 

Nicotine 

0.1 fig m* 3 

Saliva cotinine 

0.5 ng mL -1 




PAS * particles from all sources 
UVPM * ETS panicles measured by UV 
FPM * ETS panicles measured by Fluorescence 
SolPM «* ETS panicles m easured by Solanesol 
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Age range 
(Years) 

Maks 

c 

• 

Females 

Total 

21 to 29 

54 

57 

111 

30 to 39 

26 

37 

63 

40 to 49 

16 

20 

36 

50 to 61 

12 

33 

45 

Total 

108 

147 

255 
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Reason Number 

Subjects did not keep their appointment 5 

The personal monitor pump failed to run for the full 24 hours 6 

The analytical protocol was not properly followed 14 

Smoke was deliberately blown into the monitor (Questionnaire) 6 

Subjects admitted smoking during the 24 hour monitoring period 
(Questionnaire) 7 

Subjects had a saliva cotinine level above the threshold 

for non-smokers 34 

Total Excluded 72 
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10 (Etzel, 1990) 

47 

15 (McNeill, 1987) 

41 

25 

41 

30 (L ee, 1987) 

37 

50 

34 

100 
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19 

2 

3 

1 

7 

7 

2 



(ng mL‘ l ) 


25 - 100 


100 -150 


150-200 


200 - 300 


300 - 400 


400 - 500 


500 - 600 


* 
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females 


(Years) 

« 



21 to 29 

21 

11 

32 

30 to''39 

6 

6 

12 

40 to 49 

5 

• 

2 

7 

50 to 61 

1 

1 

2 

Total 

33 

20 

53 
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Subjects 



Much less than normal 

25 

9.8 

Less than normal 

91 

35.7 

Fairly typical of average exposure 

131 

51.4 

More than normal 

7 

2.7 

Much more than normal 

1 

0.4 

Totals 1 

255 

100.0 


J 
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Maximum Temperature 

16.5®C 


Minimum Temperature 

-3.2*C 


Maximum Humidity 

96% 


» 

Minimum Humidity 

55% 


Maximum Daily Rainfall 

10.4mm 


Maximum Daily Sunshine 

7.5 hours 


Minimum Winds peed 

2.1 ms’ 1 

(4 knots) 

Maximum Windspeed 

13.4 ms- 1 

(26 knots) 
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Minimum 

PAS 

Oi£» J ) 

20 

UVPM 

(jig m 4 ) 

4 

FPM 

(jig m’ 3 ) 

2 

SolPM 

(jig m* J ) 

2 

Nicotine 

(jig m J ) 

0.05 

Pic-cotininc 

(ng mL- 1 ) 

0.25 

Post-cotixune 

(ng mL' 1 ) 

0.25 


Maximum 


Median 

Number 

1219 

179 

142 

255 

299 

21 

21 

255 . 

146 

16 

10 

255 

159 

12 

2 

255 

26 

1.7 

0.50 

249 

14 

1.4 

0.70 

254 

12 

1.4 

0.60 

248 






PAS 

(jig m' 1 ) 

89 

SolPM 

(jig m- 3 ) 

42 

Nicotine 

O^gm- 3 ) 

0.44 

Pre-cotinine 

(ng mL’ 1 ) 

0.25 

PoK-coonine 

(ng mL' 1 ) 

0.25 


Maximum 

Mean 

Median 

Number 

420 

228 

222 

25 

159 

72 

64 

25 

26 

8.4 

7.2 

25 

8.4 

2.3 

1.5 

25 

12 

3.3 

2.4 

25 
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Minimum 

Minimum 

Mean 

Median 

(jig m J ) 





This Study 

• 

0.05 

26 

1.7 

0.5 

Proctor et al. (1991) 

0 

45 

2.3 

0 



(ng mL* 1 ) 


This Study 

Pre Sample 

0.25 

14 

1.4 

0.7 

This Study 

Post Sample 

0.25 

12 

1.4 

0.6 

Proctor et al. (1991) 

Pre Sample 

0.30 

15 

1.8 

1.2 

Proctor et al. (1991) 

Post Sample 

0 

9 

1.5 

1.1 


* 
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Minimum 0.2 

Maximum 60.0 

Mean 7.1 

Median 2.5 
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F 37 0.05 6 1.3 0.23 

40-49 M 16 0.05 11 1.6 0.33 

F 20 0.05 19 1.6 0.31 

50-61 M 12 0.05 9 1.9 0.69 

F 33 0.05 18 1.2 0.31 
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gubicets Minimum ftfaximum Mean Median 



All ages 

Both 

255 

20 

1219 

179 

142 

M 

10S 

20 

1219 

169 

136 


F 

147 

30 

847 

187 

151 

21-29 

M 

54 

45 

995 

163 

129 


F 

57 

35 

420 

171 

150 

30-39 

M 

26 

48 

1219 

177 

126 


F 

37 

52 

539 

208 

190 

40-49 

M 

16 

20 

524 

181 

152 


F 

20 

45 

847 

205 

144 

50-61 

M 

12 

29 

286 

158 

155 


F 

33 

30 

549 

183 

131 


SolPM lug m?) 


All ages 

Both 

255 

2 

159 

12 

2 

M 

108 

2 

159 

15 

4 


F 

147 

2 

153 

11 

2 

21-29 

M 

54 

2 

97 

17 

6 


F 

57 

2 

153 

15 

2 

30-39 

M 

26 

2 

159 

15 

2 


F 

37 

2 

88 

10 

2 

40-49 

M 

16 

2 

51 

9 

2 


F 

20 

2 

78 

9 

2 

50-61 

M 

12 

2 

50 

13 

7 


F 

33 

2 

87 

5 

2 
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Home 

27.8 

19.8 

Work 

31.5 

29.4 

Leisure 

35.1 

46.3 

Travel 

5.7 

4.7 
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Home 

Work 

Leisure 

Travel 


frfirnrmm Maximum 


Mean dumber 


2 


2 


2 



70 


44 


64 


18 


6 


10 


7 


2 


2 


28 


34 


41 


2 


2 


2 


2 


3 



Home 

0.05 

11 

2 

1.2 

28 

Work 

0.05 

5.6 

1.1 

0.57 

34 

Leisure 

0.05 

9.2 

# 

1.4 

0.72 

39 

Travel 

0.21 

0.63 

0.40 

0.35 

3 
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Home 

0 

107 

IS 

7.2 

67 

Work 

0 

79 

8.0 

0 

67 

Leisure 

0 

151 

12 

0.2 

67 

Travel 

0 

11 

1.2 

0 

67 

Overall 

10 

159 

39 

26 

67 



Home 

0 

16 

2.1 

0.30 

66 

Work 

0 

*- 9-7 

1.0 

0 

66 

Leisure 

0 

24 

1.6 

0.03 

66 

Travel 

0 

2.1 

0.1 

0 

66 

Overall 

0.05 

26 

4.9 

3.6 

66 
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Subjects with no spouse or partner 



Subjects with a non-smoking spouse or partner 



Subjects with a smoking spouse or partner 
Total all Categories 
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NS Partner 
SM Parmer 
No Parmer 
Overall 


NS Parmer 
SM Parmer 
No Partner 
Overall 


NS Partner 
SM Parmer 
No Parmer 
Overall 


NS Parmer 
SM Parmer 
No Parmer 
Overall 


NS Parmer 
SM Parmer 
No Partner 
Overall 


Minimum Maximum M ean Median ELuafrgl 



20 

995 

165 

129 

133 

48 

1219 

219 

161 

48 

35 

539 

178 

143 

74 

20 

1219 

179 

142 

255 





NS - non-smoldng spouse or partner 
SM = smoking spouse or partner 
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NS Partner 
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No Parmer 


0.05 

0.05 

0.05 
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8.2 
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0 . 25 

13 
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1.3 
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1.0 

0.70 



80 

26 

41 


80 

26 

41 


78 

26 

40 


80 

26 

41 
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76 
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8.1 
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25 
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41 
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EXECUTIVE SUMMARY 


Theodor D. Sterling and Associates Ltd. conducted pilot research to assemble data on non- 
smokers' exposure to environmental tobacco smoke (ETS) in two buildings in Richmond, 
Virginia in April, 1994. In both buildings (identified as Buildings E and F), smoking was 
permitted in the workplace without restriction. Data were gathered through three interrelated 
components of research: 


1. Personal exposure monitoring of ETS-related constituents. 

2. Measurement of ETS-related constituents at fixed locations. 

3. Assessment of total building and local area HVAC system performance. 


For the personal monitoring, sampling apparatus was attached to non-smoking subjects for 
between six and eight hours during one working day. Thirteen subjects in Building E and twelve 
subjects in Building F participated in the personal monitoring. Sampling and analyses were 
performed for four indicators of exposure to particle-phase ETS (total RSP, UVPM, FPM and 
solanesol) and two indicators of exposure to vapor-phase ETS (nicotine and 3-ethenylpyridine). 
In addition, total VOC concentrations were determined as an indicator of the presence of 
chemical constituents primarily associated with sources other than ETS. A saliva specimen was 
collected from all subjects at the end of each sampling period for cotinine analysis for 
verification of their reported non-smoking status. Subjects also maintained an activity log to 
record their work activities, and the number of cigarettes smoked in their proximity. Information 
obtained from the activity log and the selection procedures for the personal subjects indicated 
that smoking practices in the study buildings were consistent with "average" smoking conditions 
in U.S. office workplaces, and were also representative of "moderate" amount of smoking, as 
defined by the American Society of Heating, Refrigerating and Air Conditioning Engineers 
(ASHRAE). 


The same tracers of particle-phase and vapor-phase ETS were measured at four fixed monitoring 
locations in each study building. Sampling instrumentation was housed in briefcases and 
remained at the fixed locations for eight hours during a working day. In addition, continuous 
monitoring of carbon dioxide, temperature, relative humidity and carbon monoxide was 
performed over a four day period at each fixed location in both buildings. 


The HVAC system performance assessments in both buildings included determination of (a) 
total ventilation air flows for the main air handling units; and (b) the volumes of ventilation air 
supplied to each of the fixed monitoring locations. Ventilation effectiveness in each building 
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was also estimated. The objective of the HVAC assessments was to compare HVAC 
performance of the buildings with the ASHRAE Ventilation Standard 62-1989. 

Results from the personal exposure and fixed location monitoring in both study buildings 
showed general agreement in measured concentrations of the various indicators of non-smokers' 
exposure to particle-phase and vapor-phase ETS. Total RSP concentrations ranged from <12.5 p. 
g/m 3 to 67.6 pg/m 3 and nicotine concentrations ranged from 0.31 pg/m 3 to 4.42 pg/m 3 . These 
measured levels are consistent with "typical" concentrations reported in other research conducted 
in other office workplaces in which smoking is permitted without restriction. The three 
analytical techniques to estimate the contribution of ETS to the total RSP mass showed variable 

9 

estimates, typically from 15% to 70%. The FPM and solanesol methods may provide a better 
and more consistent estimate of ETS-related particulate matter. The UVPM technique 
consistently provided the highest estimate of ETS-related particle levels. 

Given the findings that the HVAC systems were supplying outside air at ventilation rates in 
accordance with (or marginally below) North American ventilation standards, and smoking 
conditions were typical of U.S. office workplace, the monitoring of ETS-related constituents in 
the two study buildings provides an important case study of non-smokers' exposure to ETS in 
smoking permitted offices, under proper HVAC operating conditions. The results from both the 
personal monitoring and fixed location monitoring indicate that ETS levels may be effectively 
controlled to low concentrations by general ventilation where smoking is permitted in office 
areas, when the ventilation systems are performing in accordance with ASHRAE Standard 62- 
1989. 

The research methods used to assess non-smokers' exposure to ETS and to relate the ETS 
exposure to HVAC system performance were generally effective. Based on the field experience 

9 

gained in this pilot study, a similar research methodology could be applied to a larger-scale, 
multi-building research investigation to confirm these findings. This pilot project was conducted 
in two buildings, in which smoking was permitted. However, recent surveys have shown that up 
to 80% of U.S. workplaces have implemented some form of smoking regulation, largely in 
response to local and state regulations. The research methodology developed for the pilot study 
would also be applicable for the determination of non-smokers’ exposure to ETS under varying 
workplace smoking conditions, as dictated by workplace regulations. 
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1.0 INTRODUCTION 

Theodor D. Sterling and Associates (TDSA) Ltd. conducted pilot research to assemble data on 
occupant exposure to environmental tobacco smoke (ETS) in two buildings in Richmond, 

Virginia in April, 1994. In both study buildings, smoking was permitted without restriction. 

The principal objectives of the research were to: 

• Develop and test a research protocol designed to assess non-smokers' exposure to ETS in 

the workplace through personal monitoring. 

• Compare the personal exposure data with results obtained from fixed location 

measurements of ETS. 

• Obtain "real world" ETS exposure information in office buildings in which smoking is 

not restricted. 

• Obtain "real world" data assessing the performance of the heating, ventilation and air 

conditioning (HVAC) systems serving the study buildings. 

• Relate occupant exposure to ETS to the performance of the HVAC systems. 

This report presents the findings of the research conducted by TDSA Ltd. As the design 
configuration and operational conditions of the HVAC systems serving the two study buildings 
were substantially different, the results from each building are presented in separate sections of 
this report. 

2.0 RESEARCH METHODOLOGY 

Data on occupant exposure to ETS in the study buildings were gathered through three 
interrelated phases of the research project: 

1. Personal exposure monitoring of ETS-related constituents of individual subjects. 

2. Measurement of ETS-related constituents at fixed locations in the study buildings. 

3. Objective assessment of HVAC system performance. 

2.1 SELECTION OF THE STUDY BUILDINGS 

The two study buildings in which the research was conducted were selected by the sponsor. The 
two buildings are located adjacently within a large multi-building facility in Richmond, Virginia. 


Theodor D. Sterling and Associates Ltd. 


2057826587 


2 



While the buildings differed by age and HVAC configuration, staff working in the two buildings 
performed similar job functions, typical of the North American "white collar" workplace. 

For the purpose of this report, the two study buildings are identified as "Building E" and 
"Building F". 

2.2 PERSONAL EXPOSURE MONITORING 



2.2.1 

In each study building, 15 non-smoking subjects were originally selected by the sponsor to 
participate in the personal exposure assessment. Subjects were selected using a randomized 
procedure, in which a random order listing of staff working in the building was generated. From 
the random listing, staff were contacted in numerical order to initially determine whether the 
individual was a smoker or non-smoker. If the individual was a non-smoker, he/she was then 
asked if they would be willing to participate in the research. If the response was affirmative, the 
individual was identified as a subject. This procedure was repeated until 15 subjects in both 
Building E and Building F were identified. 

Prior to the monitoring period, meetings were held to brief the subjects about the personal 

9 

monitoring procedures. Due to work-related commitments which required that individuals 
would be away from the study buildings during the planned monitoring period, two subjects in 
Building E and three subjects in Building F withdrew. Subsequently, thirteen individuals in 
Building E (labeled as subjects E-l through E-13), and twelve subjects in Building F (identified 
as F-l through F-12) participated in the personal exposure monitoring. The primary work 
locations for each of the subjects are shown in Figures One through Five. 

Figures One and Two describe the locations on the first and second floors of Building E. Figures 

9 

Three through Five show the locations in the basement, first and second floors of Building F. 




2.2.2 

The personal exposure monitoring was performed over a two day period on April 13th and 14th, 
1994. Monitoring was undertaken concurrently in Building E and Building F. Data collection 
was spread over the two day period in each building to assess daily variations in workplace 
exposure, particularly related to changing HVAC operational configurations, which may have 
varied with differences in outdoor climatic conditions over the monitoring period. Data were 
collected for subjects E-l through E-6 (Building E) and subjects F-l through F-7 (Building F) on 
April 13th, and for subjects E-7 through E-13 and F-8 through F-12 on April 14th. 
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Fiaure Two. Locations of personal monitoring subjects and fixed location monitors: Building E - 2nd Floor 


lJ 


Lj 


1 


lrydocuments.ucsf.edu.’do< 












































FI ) through (F12) denotes primary work location of 


personal monitoring subjects. 


TBSSSSiSOS 


F-A through F-D denotes fixed location monitors. 


Source: httpsj'/wv/w.induslrydc 


s.ucsl.edu/dc 





























































































































«• • f 





n 



fCCr-**J 



n. 


.n 








through(F12 denotes primary work location of 


personal monitoring subjects. 


«fiS9S8iS0g 


F~A through F-D denotes fixed location monitors. 


Locations of personal monitoring subjects and 




'"•cation monitors; Building F - 1st Floor 


jstrydocuments.ucsf.e 

























































































































F5 


I F-C 




XL 

csn 


or 


O 

A c -^ 


I lO V iO 

^ \S"' 

~~ ~—“ AS^ 


'-• ton 


F11 


K>y^ 


~OA\ 


F-B 


iarea 


O 


g 




SCKSfHI] 


mu 


AOS. 


i»j 




cc«l 

•» . 


CORR»OOR 





lsIhHM 




■M 

■taiH 

Rk^3 


o 


TGT33, 






V J 



o 




0203 




** n 



1 


VI 






giazwliaaljsg lisa M'lsSfi 

msi Kara 



[SflZEittJj 






m 


fggyi i 




cxtcc 


Ac*o 




2W 


A os' 


ESIlis 


FI j through (F12) denotes primary work location of 



'J U |° 


o 




iKWPIi 



F-D 


lOKIfl 


u u u u 


personal monitoring subjects. 


* F-A I through F-D denotes fixed location monitors. 
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ETS is a dilute yet dynamic and complex chemical mixture in air consisting of both vapor-phase 
and particle-phase compounds (Baker et al, 1990; Benner et al, 1989; Eatough et al, 1989; 

Lofroth et al, 1989). Due to the dynamic and unpredictable nature of the two phases, an accurate 
assessment of ETS exposure is best characterized by simultaneous monitoring of selective 
particle-phase and vapor-phase tracers (Eatough et al, 1989). Consequently, six phase-selective 
tracers of ETS exposure were simultaneously determined in the personal monitoring procedure 
over an eight hour workday. The measured tracers of particle-phase ETS exposure included 
Total Respirable Suspended Particles (RSP), Ultraviolet Particulate Matter (UVPM), Fluorescent 
Particulate Matter (FPM) and solanesol. Vapor-phase tracers of ETS exposure included Nicotine 
and 3-Ethenylpyridine (3-EP). 

In addition. Total Volatile Organic Compound (TVOC) concentrations were determined as a 
general indicator of the presence of chemical constituents primarily associated with sources other 
than ETS in the study buildings. ETS has been shown to be a minor source of TVOC levels in 
office buildings (Holcomb, 1993). 

To gather personal exposure data for the 13 subjects in Building E and the 12 subjects in 
Building F, sampling apparatus was attached to each individual for one working day. Each 
subject was required to wear a standard laboratory coat which housed the sampling equipment, 
consisting of two air pumps, tubing and sample collection media. Subjects were required to wear 
the lab coats for a minimum of 6 hours to a maximum of 8 hours during the working day. 

Subjects were permitted to remove the lab coats and equipment during the lunch break, at which 
time all sampling equipment was switched off. The personal monitoring therefore assessed 
individual exposure to ETS in their workplace and did not include exposures outside of the study 
buildings. 




2.2.3.1 Total Respirable Suspended Particles 

Total Respirable Suspended Particles (RSP) were determined gravimetrically, in accordance with 
ASTM D4532-92 titled "Standard Test Method for Respirable Dust in Workplace Atmospheres" 
(ASTM, 1993a). Samples were collected by drawing a measured volume of air at a flow rate of 
1.9 liters per minute (L/min.) through a cyclone assembly (SKC Inc., Eighty Four, PA), 
separating respirable suspended particles from total suspended particles at approximately 3.5 p.m, 
followed by a taxed 37 mm diameter, 1.0 \im pore size Fluoropore filter (Millipore Corp., 
Bedford, MA), using a calibrated constant volume pump (SKC Inc., Eighty Four, PA). The RSP 
is collected on the filter for subsequent gravimetric and chemical analyses. 
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For each personal monitoring subject, the filter/cyclone assembly was attached to the lapel of the 
lab coat adjacent to the occupant breathing zone. Tygon tubing attached the assembly to the 
constant volume sampling pump housed in the pocket of the lab coat. 

All filters were preconditioned by desiccating for 24 hours followed by equilibration at 23° 
Celsius and 50% relative humidity for 24 hours, then passed over an antistatic device prior to 
weighing on a Cahn C-31 microbalance (Cole-Palmer, Niles, IL). Five replicate weights were 
determined for each filter with the mean weight of the replicates reported as the filter weight. 

The filters were refrigerated from immediately after sampling until the filter preconditioning just 
prior to the final weighing. Nine field blanks and three lot blanks were included with the field 
samples for analysis. RSP concentrations were determined from the difference between pre- and 
post-sampling weights. For an eight hour sampling period, the limit of detection was 12.5 
micrograms per cubic meter of air (jig/m^). 

RSP concentrations have been widely used as an indicator of the presence of ETS in indoor 
environments (Sterling et al, 1987). Review of the results of field monitoring has shown that 
while RSP levels tend to be higher in smoking environments than in comparable non-smoking 
environments, not all of the RSP in smoking areas are attributable to ETS. Multiple other 
sources of RSP are present in indoor environments, such as combustion processes (including 
tobacco smoke), atmospheric dust, talc particles, gypsum fibers, insecticide dusts and microbial 
panicles, among others (Guerin et al, 1992; Owen et al, 1992). Consequently, the use of total 
RSP as a tracer of particle phase ETS leads to an overestimation of ETS-related particulate 
matter. Therefore in the research conducted in the two Richmond buildings, additional analyses 
were performed to obtain more sensitive estimates of ETS-related particles. 


2.2.3.2 Ultraviolet Particulate Matter 


To provide a better estimate of ETS-related RSP levels, the filter samples from the gravimetric 
total RSP determinations were chemically analyzed by the ultraviolet particulate matter (XJYPM) 
method developed for the estimation of ETS contributions to total RSP concentrations (Conner et 
al, 1990). Based on the relationship between RSP and its UV absorbence established in an 
experimental chamber containing only ETS-related RSP, the contribution of ETS to indoor RSP 
levels can be estimated. 


For the UVPM analyses, the filters used in the gravimetric RSP determinations were extracted 
with methanol and an aliquot injected into a columnless high performance liquid chromatograph 
(HPLC) equipped with an ultraviolet detector (325 nm). 2,2',4,4'-tetrahydroxybenzophenone was 
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used as the surrogate standard for quantification. For an eight hour sampling period, the limit of 
detection was 2.4 p.g/m.3. 

As the UVPM analytical technique specifically measures all combustion-related RSP, including 
ETS-related particles, UVPM concentrations may be considered a better estimate of ETS-related 
particles than total RSP (which also includes non combustion-related RSP). However, since the 
UVPM method does not differentiate between combustion particles from ETS and from other 
combustion sources, UVPM concentrations may be considered an overestimate of ETS-related 
RSP levels (Oldaker et al, 1990; Guerin et al, 1992). 



2.2.3.3 Fluorescent Particulate Matter 

Due to the increased natural selectivity of particle fluorescence over ultraviolet absorbence, the 
fluorescent particulate matter (FPM) method may be considered less prone to interferences than 
the UVPM method. To further reduce the bias or overestimate of ETS-related RSP attributed to 
the UVPM method, methanolic extracts of the filter samples used in the UVPM method were 
also analyzed by the FPM method, which has been developed as an alternative estimate of the 
contribution of ETS to total RSP levels (Conner et al, 1990). 

Determinations of FPM were conducted simultaneously with the UVPM determinations on the 
same filter sample extract by connecting a fluorescence detector (300 nm excitation; 420 nm 
emission) in series with the ultraviolet detector on the HPLC. Scopoletin was used as the 
surrogate standard for FPM quantification. For an eight hour sampling period, the limit of 

I 

detection for the FPM method was 0.4 pg/m^. 

The spectral properties measured in both the UVPM and FPM analyses (i.e. particle ultraviolet 

% 

absorbence and fluorescence emission, respectively) are not specific or unique to ETS-related 
RSP. Therefore, while the two methods provide a better estimate of ETS-related particles than 
total RSP determinations, both methods may still overestimate the contribution of ETS to total 
RSP concentrations indoors. 

2.2.3.4 Solanesol 

Solanesol is a high molecular weight alcohol associated specifically with particulate-phase ETS. 
Solanesol is the only tobacco-specific tracer of particulate-phase ETS determined in this study. 
Preliminary data from research by Ogden et al (1990) in an experimental chamber determined 
weight ratios of soIanesol/ETS-RSP ranged from 2.0% to 3.1%, with variations due to cigarette 
type. Other research conducted in experimental chambers in Europe has also indicated a weight 
ratio for solanesol/ETS-RSP of approximately 2% (Scherer et al, 1993). However, the same 
researchers reported weight ratios for solanesol/Total-RSP of less than 1% determined in "real 
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world" environments including bars, restaurants, offices, trains, and residences where smoking 
had occurred. The TDSA Ltd. research in Richmond represents one of the first "real world" 
measurement studies of solanesol in North America. 

Solanesol concentrations were determined by analysis of the methanolic extracts used in the 
UVPM and FPM determinations, using a liquid chromatographic technique developed by Ogden 
and Maiolo (1992). An aliquot of each filter sample extract was injected into an HPLC 
containing a Cl8 column with a 100% methanol mobile phase and equipped with an ultraviolet 
detector (205 nm) and a deuterium lamp. For the eight hour sampling periods the limit of 
detection for the method was 0.06 pg/m 3 . 


2.2.3.5 Nicotine 


Nicotine levels were measured as a tracer of vapor-phase ETS exposure. Nicotine concentrations 
were determined in accordance with ASTM D5075-90 titled "Standard Test Method for Nicotine 
in Indoor Air" (ASTM, 1993b). Samples were collected by drawing air through XAD-4 (a 
styrene-divinylbenzene copolymer) sorbent tubes with a constant volume sample pump (SKC 
Inc., Eighty Four, PA) at a flow rate of 1 L/min. For the personal monitoring, the XAD-4 tube 
was attached to the lapel of the lab coat worn by a subject. Tygon tubing attached the sampling 
tube to the air pump housed in the pocket of the lab coat. 


Similar to the filter samples, all XAD-4 tubes were refrigerated from immediately after sampling 
until laboratory analysis. Nine field blanks and three lot blanks were included with the field 
samples for analysis. Collected samples were desorbed with ethyl acetate containing 0.01% 
triethylamine and an aliquot was injected into a Hewlett Packard Model 5840 gas chromatograph 
equipped with a nitrogen-phosphorus detector. Quinoline was used as the internal standard for 
quantification. For an eight-hour sampling period, the limit of detection for the method was 0.1 
pg/m 3 . 


Nicotine has been widely used in field research as a vapor-phase tracer because it is nearly 
unique to ETS in indoor environments (Guerin, et al 1992). However, due to its unpredictable 
decay kinetics, the appropriateness of using nicotine as a tracer of vapor-phase ETS exposure 

may be questionable (Thome et al, 1986; Eatough et al, 1989). Therefore, researchers have 

1 

investigated the applicability of another ETS vapor-phase constituent, 3-ethenylpyridine (3-EP), 
as a suitable vapor-phase tracer of ETS (Nelson and Ogden, 1990; Ogden, 1991). 3-EP is less 
abundant than nicotine but exhibits more predictable decay kinetics (i.e. a more near-ideal 
decay). 
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2.2.3.6 3-Ethenylpyridine 

3-ethenylpyridine concentrations were determined using a modified analysis from the ASTM 
D5075-90 Method for Nicotine in Air (Nelson and Ogden, 1990; Ogden, 1991). An aliquot of 
the XAD-4 extract from the nicotine analysis was additionally analyzed for 3-EP. The 
chromatographic analysis for 3-EP requires modification of set-up of the gas chromatograph 
from the nicotine analysis, including increased temperature span and hold times. Given an eight 
hour sampling period, the limit of detection for the analytical method was 0.1 jug/m^. 



2 . 23.1 Total Volatile Organic Compounds 


Samples for Total Volatile Organic Compounds were collected for each personal monitoring 
subject using passive monitors attached to the lapels of the lab coats according to ASTM D4597- 
92 "Standard Practice for Sampling Workplace Atmospheres to Collect Organic Gases or Vapors 
with Activated Charcoal Diffusional Samplers" (ASTM, 1993c). The passive TVOC sampler 
consisted of two sections of activated charcoal contained in a lightweight badge, with each 
section covered by a plastic cap. When using passive samplers, air sampling is accomplished by 
study subject movement and convection air currents, which pass indoor air over the exposed 
charcoal sorbent medium. To begin sampling, the plastic caps were removed from the badge 
during placement on the study subject. To stop sampling, the badge caps were replaced. 


TVOC concentrations were determined following ASTM D3687-89 titled "Standard Practice for 
Analysis of Organic Compound Vapors Collected by the Activated Charcoal Tube Adsorption 
Method" (ASTM, 1993d). The activated charcoal sorbent in each badge was extracted with 
carbon disulfide (CS 2 ) and a sample aliquot injected into a capillary gas chromatograph (Hewlett 
Packard Model 5880) equipped with a flame ionization detector. For each sample, TVOC 
concentrations were determined as the sum total of all chromatogram peak areas and presented as 
toluene equivalents. The limit of analytical detection for the TVOC method for an eight hour 
sampling period was 1.3 jug/m^. 


2.2.4 


At the completion of the personal monitoring period, each subject was requested to provide a 
specimen of saliva for determination of cotinine levels. The purpose was to verify the non¬ 
smoking status of the subject. The determined cotinine levels were not used to assess ETS 
exposure. Previous research has shown significant differences in salivary cotinine levels 
between smokers and non-smokers. A ” cut-off ’ point between current smokers and non-smokers 
has been suggested as ranging between 20 nanograms per milliliter (ng/ml) and 100 ng/ml 
(Coultas et al, 1987; Pierce et al, 1987; Lee, 1992). 
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Whole, unstimulated saliva samples were collected from each subject using the collection 
method described by Navazesh and Christensen (1982). After rinsing the mouth with de-ionized 
water to void the mouth of saliva, each subject allowed saliva to accumulate on the floor of their 
mouth for approximately one minute. At the end of the one minute, the subject would spit into a 
sample vial using a 4 inch disposable paper funnel, by allowing the accumulated saliva to roll off 
the end of the lower lip and into the funnel. The saliva sample collection sequence continued 
until approximately 5 ml of saliva had been collected in the sample vial. All saliva samples were 
refrigerated from immediately following collection in the field until just prior to analysis in the 
laboratory. 

The saliva samples were analyzed for cotinine concentrations by a rapid gas-liquid 
chromatographic technique developed for the sensitive determination of cotinine in saliva 
without interference or contamination (Feyerabend and Russell, 1980). One ml of saliva was 
treated with sodium hydroxide and dichloromethane, vortexed, centrifuged, evaporated to near¬ 
dryness and then vortexed again with acetone. An aliquot of the acetone extract was injected into 
a gas-liquid chromatograph (Hewlett-Packard Model 5730) equipped with a nitrogen-phosphorus 
detector. Pheniramine maleate was used as an internal standard. The detection limit of the 
method was 1.0 ng/ml. 

% 

2.2.5 Subject Activity Log 

Each personal monitoring subject was required to maintain an activity log for the duration of the 
sampling period. The activity log divided the workday into 30 minute periods. For each 30 
minute segment, the personal monitoring subject indicated their location in the building, 
described their work activities, and recorded the number of cigarettes which they were aware of 

t 

being smoked within their proximity (i.e. within 20 feet). From this information, the reported 
number of cigarettes per hour were computed to provide an index of self reported exposure to 
ETS in the workplace. 

2.3 FIXED LOCATION MONITORING 

In both study buildings, tracers of ETS exposure and other air quality and thermal comfort 
parameters were monitored at four indoor sites within the workplace and at the outside air 
intakes for the HVAC systems. In contrast to the personal monitoring for which the sampling 
apparatus were directly attached to the subjects, the instrumentation remained at one location per 
day for the duration of the sampling period. 
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The four fixed location monitoring sites in each of the two study buildings were selected to 
include (a) various workplace configurations (e.g. open plan offices, enclosed private offices); 

(b) areas of the buildings served by different HVAC air handling units; and (c) sites in proximity 
to one or more of the personal monitoring subjects. 


The four fixed monitoring sites in Building E were identified as E-A, E-B, E-C and E-D. 
Similarly, the four sites in Building F were labeled as F-A through F-D. The outside air intake 
monitoring sites were identified as E-0 and F-O, respectively. Specific locations of each fixed 
monitoring site are shown in Figure One (Building E) and Figure Two (Building F). 



2.3.2 Data Collection Period 


The fixed location monitoring was performed over a four day period from April 12th to April 
15th. Monitoring was performed concurrently at sites in Buildings E and F. On each of the four 
days, ETS-related constituents were measured at two indoor sites and the outdoor site in each 
building, with the following schedule: 


Tuesday, April 12th: Sites E-A, E-B, E-O, F-A, F-B, F-O 

Wednesday, April 13th: Sites E-C, E-D, E-O, F-C, F-D, F-O 


Thursday, April 14th: Sites E-A, E-B, E-O, F-A, F-B, F-O 


Thursday, April 15th: Sites E-C, E-D, E-O, F-C, F-D, F-O 


Consequently, ETS exposure data were obtained at each indoor site on two separate workdays. 

In addition, continuous monitors for carbon dioxide, temperature, relative humidity and carbon 
monoxide were installed at each fixed location during the morning of April 12th and were left in 
place until the afternoon of April 15th. The continuous monitoring instruments are described in 
Section 2.3.4 of this report. 


2.3.3 





The same tracers for particle-phase and vapor-phase ETS were measured at the fixed monitoring 
locations as were determined in the personal exposure monitoring. At each indoor site, a 
customized briefcase containing air pumps and the sample collection media was installed at the 

t 

beginning of the workday and remained in place for approximately eight hours. On any given 
day during the four day sampling period, two briefcases were used at individual indoor sites in 
each building. Briefcase samplers were also utilized each day at the outside air intakes. 
However, the vapor-phase tracers of ETS (nicotine and 3-EP) which are tobacco specific were 
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not measured in the outdoor air, as these constituents would not be expected at quantifiable 
levels. 

The sampling and analytical procedures used for the total RSP, UVPM, FPM, solanesol, nicotine 
and 3-EP determinations were identical as for the personal monitoring (as described in Section 
2.2.3 of this report). Only the sampling method for TVOC differed, using an active sampling 
protocol in the briefcase, compared to the passive sampling used in the personal monitoring. 

The TVOC sampling method used in the fixed location monitoring followed ASTM D3686-89 
titled "Standard Practice for Sampling Atmospheres to Collect Organic Compound Vapors: 
Activated Charcoal Tube Adsorption Method" (ASTM, 1993e). A known volume of air was 
drawn through a glass tube containing two sections of activated charcoal sorbent, using a 
calibrated constant volume pump at a flow rate of 0.2 L/min. Analysis of the charcoal sorbent 
was identical to the method of analysis of the charcoal sorbent extracted from the badges used for 
personal monitoring (ASTM D3687-89, as described in section 2.2.3.6). 

The filter and sorbent tube samples from the fixed location monitoring briefcases were handled 
and treated in the same manner as the samples from the personal monitoring. All samples were 
refrigerated from immediately after sampling until immediately prior to analysis. 


In addition to the sampling at each fixed monitoring location for ETS-related constituents, 
continuous monitors for carbon dioxide (CO 2 ), temperature, relative humidity and carbon 
monoxide (CO) were installed at each indoor site and at the outside air intakes from April 12th to 
15th. The purpose of the continuous monitoring was to assess air quality and thermal conditions 
in the study buildings with reference to current North American Engineering Standards. 

CO 2 concentrations, temperature and humidity levels were monitored using YES 203 continuous 
analyzers (Young Environmental Systems, Richmond, BC) and CO concentrations were 
monitored using YES 401 analyzers (Young Environmental Systems, Richmond, BC). Both 
continuous monitors are passive analyzers in that a pump is not used to draw sample air into the 
units. Instead, air currents are required to carry indoor air through the sensing chambers. Both 
types of monitors provided digital outputs of the measured parameters from internally integrated 

dataloggers. Data was downloaded from each analyzer into a laptop computer at the end of the 

* 

field sampling on April 15th. All instruments were calibrated prior to and following use in the 
field. 


Theodor D. Sterling and Associates Ltd. 


Qr 



e: https://www.industrydocumenls.ucsf.edu/docs/hkbjOOOO 



16 


2.3.4.1 Carbon Dioxide 


The measurement of CO 2 concentrations provides a usefm indication of the acceptability of 
ventilation conditions in buildings (Persily, 1993). The current North American ventilation 
standard established by the American Society of Heating, Refrigerating and Air Conditioning 

Engineers (ASHRAE), Standard 62-1989 titled "Ventilation for Acceptable Indoor Air Quality" 

► 

describes minimum outside air ventilation rate based on the control of indoor CO 2 
concentrations to less than 1000 parts per million (ppm), thereby using the 1000 ppm CO 2 
concentration as a surrogate for adequate outside air supply and acceptable indoor air quality 


(ASHRAE, 1989). The 


amount 


The YES 203 continuous CO 2 monitor consists of a passive nondispersive infrared (NDIR) 
analyzer integrated with a digital datalogger. The monitor has a measurement range of 0 to 5000 
ppm and an accuracy of ±50 ppm. 


2.3.4.2 Temperature and Relative Humidity 


Measurement of temperature and relative humidity levels indicate the effectiveness of HVAC 

% 

system performance in providing acceptable indoor thermal conditions within the workplace. 
ASHRAE Standard 55-1992 titled "Thermal Environmental Conditions for Human Occupancy" 
defines optimal ranges of indoor temperatures and humidities for acceptable occupant comfort 
(ASHRAE, 1992). 


Temperature levels were measured with the YES 203 continuous monitor, which uses an NTC 
thermistor for sensing temperature levels indoors. The unit has a measurement range from -30°F 
to 200°F and an accuracy of ±0.5°F. Relative humidity was also measured with the YES 203, 
which uses a sulfonated polystyrene wafer for sensing relative humidity levels indoors from 10% 
to 90% (noncondensing). The sensor has an accuracy of ±2%. 


2.3.4.4 Carbon Monoxide 


Carbon monoxide concentrations were monitored as an indicator of the presence of by-products 
of combustion in the study buildings, primarily from the outdoor environment. Research 
investigations of ETS exposure prior to the 1980's relied extensively on the use of CO as a tracer 
(Aviado, 1984). However, the usefulness of CO as a tracer is limited as it is produced by all 


ASHRAE Standard 62-1989 did not define "moderate" smoking. However, in a written statement to the U.S. 
Congress in 1991, ASHRAE defined a "moderate" amount of smoking as 27% of a building’s occupants as 
smokers, at a smoking rate of 1.25 cigarettes/hour. 
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combustion-related processes. Research has shown the ETS is a relatively minor contributor to 
indoor CO concentrations (T.D. Sterling et al, 1987; E.M. Sterling et al, 1988). In office 
buildings, the major source of CO is infiltration of vehicle exhaust from outdoors. Other sources 
include gas appliances, such as unitary space heaters. 

CO levels were measured continuously from April 12th to 15th with YES 401 continuous CO 
monitors, which use a metal oxide sensor for determining indoor CO concentrations. The 
instrument has a range from 0 to 400 ppm CO with an accuracy of ±1 ppm. All instruments were 
calibrated prior to and following use in the field. 

2.4 ASSESSMENT OF HVAC SYSTEM PERFORMANCE 

Assessment of the performance of the HVAC systems serving the two buildings, including 
quantification of outside air ventilation rates, was undertaken by Air Conditioning Test and 
Balance Company Inc., of Great Neck, New York, under sub-contract to TDSA Ltd. 

The HVAC assessment included determination of (a) total ventilation air flows for each study 
building; and (b) the volumes of ventilation air supplied to each of the four fixed location 
monitoring sites in each building, during the periods of personal and fixed location monitoring. 
The primary objective of the assessment was to determine performance of the HVAC systems as 
compared to the current North American ventilation standard, ASHRAE 62-1989 (ASHRAE, 
1989a). 


2.4.1 



Assessment 


The assessment of the study buildings' HVAC systems included the collection of both descriptive 
and quantitative information. The design and operational configurations of the HVAC systems 
were determined from the following: 

• Review of mechanical engineering plans. 

• Inspection of HVAC system components. 


• Meetings with building engineers responsible for the systems. 

A series of measurements of ventilation airflows were performed at the main air handling units 
(AHU's) serving the study buildings during the period from April 12th through April 15th. For 
each AHU, airflow data were recorded to determine the following volumes of air: 


a) Total outside air supplied to the AHU. 

b) Total return air recirculated from the occupied space. 
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c) Total HVAC supply (outside plus return air) delivered to the occupied space. 

Airflow measurements were taken using a duct traverse method with an Airdata ADM-870 
Electronic Micromanometer (Shortridge Instruments Inc., Scottsdale, AZ) fitted with a pitot tube 
attachment. 



2.4.2 



At each fixed location monitoring, the total volume of air being supplied to the site through the 
HVAC system was determined by airflow measurements taken at the ceiling diffusers. Similar 
to the airflow measurements at the main AHU's, data were also obtained using an electronic 
micromanometer, with a pitot tube attachment. 


The airflow measurements taken at the diffuser determined the volume of total air (outside and 
return) supplied to the fixed monitoring site. The volume of outside air supplied from the 
diffuser was then calculated, based on the proportion of outside air determined from the 
measurements taken at the main AHU. 


In order to properly compare the results from both the total building and fixed location HVAC 
assessments with the ventilation requirements described in ASHRAJE Standard 62-1989, a 
ventilation effectiveness factor was determined. Standard 62-1989 defines ventilation 
effectiveness as "the fraction of the outdoor air delivered to the space that reaches the occupied 
space". The outside air ventilation rates specified in Standard 62-1989 assume well-mixed 
conditions, i.e. ventilation effectiveness approaching 100% (ASHRAE, 1989a). 

Ventilation effectiveness in the two study buildings was subjectively estimated by the 
investigators from Air Conditioning Test and Balance Co. Inc. based on direct observation using 
smoke pencils, combined with their extensive field experience as mechanical engineers 
specializing in HVAC systems test and balance, commissioning and performance analysis. At 
present, no standardized method is available to objectively determine ventilation effectiveness, 
although an ASHRAE committee has developed a draft method based on tracer gas analysis 
(ASHRAE Standard Project Committee 129P). 


3.0 RESULTS: BUILDING E 

3.1 BUILDING DESCRIPTION 

► 

Building E is a two storey structure designed and constructed in 1967/68, with a gross floor area 
of 27,000 square feet (ft 2 ). Windows throughout the building do not open. The upper floor is 
comprised of enclosed offices and meeting rooms around the perimeter and open plan office 
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areas throughout the interior. The open plan offices are divided by head height partitioning. The 
lower floor includes both enclosed and open plan work stations, a conference room and a 
library/resource area at the North end of the floor, and a computer equipment room, mechanical 
room and storage areas at the South end. The computer room is served by an air conditioning 
system independent of the HVAC systems serving the other work areas throughout Building E. 
Consequently, staff working in the computer room were excluded from the personal exposure 
monitoring. The interior layouts of the two floors are shown in Figures One and Two. 

Smoking is permitted throughout the occupied space of Building E without restriction. The 
listing of staff used in the randomized selection of subjects for the personal exposure monitoring 
indicated an occupant population of 74. During the telephone survey to identify participants, a 
total of 45 staff were contacted, of which 10 reported that they were current smokers. From these 
data, the proportion of smokers in the workplace may be estimated as 22.2%. This smoking rate 

4 

is marginally higher than the 1992 U.S. national average for office workers of 20.2% reported in 
the National Centers for Health Statistics "National Health Interview Survey” (U.S. NCHS, 

1992). This comparison suggests that smoking conditions in Building E may be considered 
"typical" of other U.S. office work environments. 


Both floors of Building E (with the exception of the computing room which occupies 
approximately 5600 ft 2 ) are served by the same HVAC system; a constant volume, multi-zone, 
dual duct system. The main AHU is located in a mechanical room on the east side of the lower 
floor. Outside air is drawn into the mechanical room through a ground level intake on the east 
side of the building. On entry into the AHU, the outside air is mixed with return air recirculated 
from the occupied space, and the mixed air is filtered and heated or cooled (as necessary). In a 
dual-duct system, the ventilation air is then distributed to the occupied space through two parallel 
duct systems in the suspended ceiling, one duct carrying cold air and the other supplying warm 
air (commonly referred to as the "hot" and "cold" decks). The dual ducts supply ventilation air to 
a series of terminal boxes in the ceiling plenum throughout the occupied space, each controlled 
by a thermostat. Dampers in the terminal boxes modulate to provide a mix of ventilation air 
from the hot and cold decks to satisfy the thermal requirements in the space. 


For example, if cooling is required, the damper would modulate to increase the flow of air from 
the cold deck and reduce the flow of air from the hot deck. The net effect of this action is the 
supply of a constant volume of ventilation air to the occupied space at varying temperatures 
depending on the thermostat requirements. 

> 

In Building E, the mixed air from the terminal boxes is ducted to linear diffusers in the ceiling 
and supplied to the occupied space. In addition, supplemental ventilation air is supplied to the 
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perimeter enclosed offices through perimeter induction units. On both floors of Building E, 
return air is drawn back to the main AHU through wall mo- nted return air openings on the east 
side of the floor. 

During the period of research from April 12th through 15th, a fixed volume of outside air was 
being mechanically supplied to Building E. Inspection indicated that in the original HVAC 
system configuration, the outside air and return air dampers could modulate to vary the 
proportion of outside air drawn into the building, depending upon outdoor climatic conditions. 
However, the building operating engineer reported that the original damper configuration had 
been manually overridden and a fixed damper position established to provide "adequate" outside 
air to the building during all operating hours. 



3.2 ASSESSMENT OF HVAC SYSTEM PERFORMANCE 

Tables One and Two presents the results of the HVAC system performance assessment of 
Building E. Table One includes the ventilation air flows for the total building determined at the 
main AHU and Table Two shows the measured volumes of ventilation air supplied to each of the 
four fixed location monitoring sites (E-A through E-D). 

f 

3.2.1 Total Building^HVAC Assessment 

Table One shows the total volume of supply air (outside air plus return air) delivered to the 
occupied space throughout the period of research, the volumes of return air and outside air being 
delivered by the main AHU and the percentage of outside air within the total supply air. Given 
the constant volume HVAC system and the fixed outside air damper position, the values shown 
in Table One remained consistent throughout each day of monitoring. A total volume of outside 
air of 4470 cubic feet per minute (cfm) was being supplied to the occupied space, which 
represented 29.1% of the total supply air. 

To assess the performance of the HVAC system with respect to ASHRAE Standard 62-1989, the 
total volume of outside air delivered to the building must be (a) divided by the occupant 
population to determine outside air ventilation rate per occupant, the unit in which ventilation 
requirements are expressed in ASHRAE Standard 62-1989; and (b) corrected for ventilation 
effectiveness, as the ventilation requirements in Standard 62-1989 also assumes well mixed 
conditions. 

For engineering analysis of design and performance of HVAC systems, the most appropriate 
estimate of the building population for use in the calculation of total building ventilation rates is 
the estimated maximum occupancy, rather than the observed population, which may be highly 
variable over time. The estimated maximum occupancy is a standardized criterion used in the 
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TABLE ONE 

ASSESSMENT OF TOTAL BUILDING HVAC PERFORMANCE: BUILDING E 


Total Air 
(CFM) 

Return Air 
(CFM) 

Outside Air 
(CFM) 

% Outside Air 

Estimated Maximum 
Occupancy* 

(Based on 7/1000 ft 2 ) 

Outside Air Ventilation 
(CFM/Occupant) 
Based on 60% 
Ventilation 
Effectiveness 

19834 

15364 

4470 

29.1% 

150 

17.9 


* The maximum occupancy for Building E is estimated from the floor area served by the main AHU (approximately 21,400 fl 2 ) and the maximum design occupancy for office space of 7 per 1000 ft 2 
stated in Table 2 of ASHRAE Standard 62-1989. The resultant calculation is (21,400/1000) x 7 = 149.8, or 150 occupants. 

TABLE TWO 

ASSESSMENT OF HVAC PERFORMANCE AT FIXED LOCATION MONITORING SITES: BUILDING E 


4099KSAS0S 


Site 

Total Air 
(CFM) 

% Outside Air 

Outside Air 
(CFM) 

Observed 

Population 

Outside Air Ventilation 
(CFM/Occupant) 

Based on 60% Ventilation Effectiveness 

E-A 

(Individual Site) 

114 

29.1% i 

33.2 

| 

1 

19.9 

E-A 

(HVAC zone) 

986 

29.1% 

286.9 

9 

19.2 

E-B 

170 

29.1% 

49.5 

i 

29.7 

E-C 

410 

29.1% 

119.3 

3 

23.9 

E-D 

(Individual Site) 

99 

29.1% 

'1 

28.8 

1 

17.3 

E-D 

(HVAC Zone) 

760 

29.1% 

221.2 

7 

19.0 


Cm 
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design process for HVAC systems. Standard HVAC System Commissioning practice also uses 
the design occupant density to verify ventilation system performance (ASHRAE, 1989b). In 
Table Two of ASHRAE Standard 62-1989, the estimated maximum occupancy for office space 
is expressed as 7 persons per 1000 ft 2 . Higher maximum occupancies are specified for other 
uses, such as meeting rooms and reception areas. For the purpose of gross estimation of the 
building occupancy in Building E, it is assumed that the occupant density of 7/1000 ft 2 is 
representative of the entire space. As Building E includes approximately 21,400 ft 2 of occupied 
space served by the main AHU, the estimated maximum occupancy is therefore 150 persons. 

Ventilation effectiveness in Building E was estimated by the engineers performing the HVAC 
performance analysis (Air Conditioning Test and Balance Co. Inc.) at 60% (i.e. 60% of the air 
supplied through the ceiling diffusers was being delivered to the occupant zone). 

Given the estimated occupancy of 150 persons and a ventilation effectiveness of 60%, the 
outside air ventilation rate per person calculated as 17.9 cfm/person (4470 cfm of outside air 
divided by 150 persons, multiplied by 0.6 ventilation effectiveness). 

•Given the calculated outside air ventilation rate for Building E of 17.9 cfrn/occupant, the HVAC 
systems were operating marginally below the requirements from ASHRAE Standard 62-1989, 
which describes a minimum outside air requirement for ventilation of office space of 20 
cfm/occupant. 




3.2.2 Fixed Monitoring Location HVAC Assessment 

To supplement the total building HVAC assessment, local ventilation performance were assessed 
at each of the four fixed location monitoring sites in Building E. Table Two presents the results 
for each site. The table shows (a) the total volume of air supplied from the ceiling diffusers 
adjacent to the site; (b) the percentage of outside air determined from the total building analysis; 
(c) the observed population adjacent to the fixed monitoring site; and (d) the calculated outside 
air ventilation rates at the estimated 60% ventilation effectiveness. 

The results from Table Two show that all four of the fixed monitoring locations were being 
supplied with volumes of outside air in accordance with, or marginally below, ASHRAE 
Standard 62-1989. The calculated local ventilation rates ranged from 17.3 cfm/occupant to 29.7 
cfm/occupant. At sites E-A and E-D, data were recorded both at the individual work station 
adjacent to the monitoring site and also within the larger HVAC zone. The calculated outside air 
ventilation rates were similar for both the individual work sites and the HVAC zones. For 
example, at site E-A, the ventilation rate for the individual workstation was 19.9 cfrn/occupant, 
compared to 19.2 cfrn/occupant within the entire HVAC zone. Overall, the ventilation rates at 
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the fixed monitoring locations (17.3 to 29.7 cftn/occupant) were consistent with the total building 
ventilation rate (17.9 cfm/occupant). 

3.3 PERSONAL EXPOSURE MONITORING: BUILDING E 

Table Three presents the results from the personal exposure monitoring conducted in Building E 
on April 13th and 14th. The upper portion of the table shows individual data sets for each of the 
thirteen personal monitoring subjects. The lower part of the table presents summary descriptive 
statistics (mean, median and standard deviation) for each day of monitoring separately and for 
both days combined. In order to calculate the mean values, if a data point for an individual 
subject was reported as less than the detection limit (e.g. for subject E-6, the Total RSP 
concentration was less than 12.5 pg/m 3 ) the detection limit (i.e. 12.5 pg/m 3 ) was used as the 
representative value for the calculation of the mean. Therefore, the means shown in Table Three 
and in the other data tables throughout this report may be a slight overestimation of the true mean 
in those cases where one or more individual data points were reported as less than the detection 
limit. Subsequently, the median value is also presented as an alternative descriptive statistic. 

In addition to the descriptive analyses presented in Table Three, linear regression analyses were 
performed to evaluate the statistical associations between individual variables. Scattergrams 
showing a line of best fit, the linear regression equation and the regression coefficient (r 2 ) for the 
relationships between each of the variables measured during the personal exposure monitoring in 
Building E are included in Appendix One. 

3.3.1. Particle-Phase Constituents 

Total RSP concentrations ranged from <12.5 pg/m 3 to 47.9 pg/m 3 , with a mean concentration of 
23.6 pg/m 3 (median 22.8 pg/m 3 ). Mean RSP levels were slightly higher on April 13th (26.4 

pg/m 3 ) compared to the second day of measurement (21.2 pg/m 3 ). As few other researchers have 

* 

conducted personal monitoring to assess exposure to ETS-related constituents in office buildings, 
limited comparison can be made between the results from the personal monitoring in the 
Richmond Buildings and findings from other researchers. One exception is research by Coultas 
et al (1990), who assessed personal exposure among 15 non-smoking subjects working in various 
workplaces in Albuquerque, New Mexico, including five subjects who worked in office 
buildings. 

9 

Coultas reported a mean. RSP concentration of 56.7 pg/m 3 for the five subjects in office 
buildings, which is significantly higher than the RSP concentrations determined in Building E. 
However, Coultas did not provide information on either (a) ventilation conditions in the 
workplaces; or (b) smoking prevalence. 
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TABLE 3 

PERSONAL MONITORING RESULTS: BUILDING E 



PARTICULATE FRACTION 

GASEOUS FRACTION 

Saliva 

Cotinine 

1 

(ng/mL) 

Smoking 
Frequency 
(# ciqs/hr) 

Total RSP 

(uq/m3) 

UVPM 

1 • 

(ug/m3) 

FPM 

(ug/m3) 

Solanesol 

(ug/m3) 

Nicotine 

(ug/m3) 

3-EP 

(ug/m3) 

TVOC 

(ug/m3) 

Date 

Subject 

April 13 

E-1 

25.1 

27.70 

5.77 

amxrmm 

4.36 

1.45 

12.4 

1.3 

1.4 

April 13 

E-2 

28.8 

27.45 

5.88 


2.65 


6.0 

<1.0 

0.2 

April 13 

E-3 

15.9 

6.36 

1.75 


1.67 


12.5 

<1.0 

3.2 

April 13 

E-4 

28.2 

26.02 

5.89 

0.13 

| 

1.41 

0.89 

<1.3 

1.3 

1.9 

April 13 

E-5 

47.9 

12.86 

4.48 

0.16 

0.63 

0.75 

12.8 

5.6 

1.6 

April 13 

E-6 

<12.5 

<2.4 

1.00 

<0.06 

0.31 

0.45 

5.3 

3.6 

0.0 

April 14 

E-7 

18.8 

8.78 

2.47 

0.07 

4.42 

1.23 

21.6 

<1.0 

0.3 

April 14 

E-8 

13.3 

12.19 

3.01 

0.10 

1.11 

0.71 

26.2 

3.6 

2.2 

April 14 

E-9 

33.5 

25.67 

12.18 

0.49 

4.70 

0.98 

18.2 

MISSING 

5.0 

April 14 

E-10 

14.2 

9.30 

2.57 

<0.06 

1.31 

0.82 

11.6 

32.9 

0.3 

April 14 

E-11 

28.6 

32.61 

7.35 

0.26 

1.58 

0.70 

14.5 

79.6 

0.5 

April 14 

E-12 

17.3 

10.98 

3.06 

0.10 

1.99 

0.91 

502.6 

<1.0 

0.5 

April 14 

E-13 

22.8 

17.72 

4.33 

0.11 

0.40 

1.22 

15.8 

2.9 

0.9 


SUMMARY STATISTICS 


April 13th 

1 - 

Mean 

Median 

Std. Dev. 

26.4 

26.7 

14.5 

17.13 

19.44 

10.98 

4.13 

5.13 

2.02 

0.13 

0.14 

0.06 

1.84 

1.54 

1.36 1 

0.87 i 

0.82 

0.31 

8.4 

9.2 

4.8 

2.3 

1.3 

2.0 

1.4 

1.5 

1.1 

April 14th 

Mean 

21.2 

16.75 

5.00 

0.17 

2.22 

0.94 

87.2 

20.2 

1.4 


Median 

18.8 

12.19 

3.06 

0.10 

1.58 

0.91 

18.2 

3.3 



Std. Dev. 

7.5 

8.48 

3.42 

0.15 

1.36 

0.18 

180.9 

29.1 

1.7 

Combined 

Mean 

23.6 

16.93 

4.60 

0.15 

2.04 

0.91 

50.3 

11.2 

1.4 


Median 

22.8 

12.86 

4.33 

0.11 

1.58 

0.89 

12.8 

2.1 



Std. Dev. 

11.2 

9.72 

2.83 

0.12 

1.48 

0.26 

130.6 

22.5 

1.4 


When levels are reported as less than the detection limit, the detection limit is used 

a ' 

for the purpose of calculating the mean value 
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Exposure to ETS-related constituents in office workplaces has far more frequently been assessed 
using fixed location monitoring. While the results of the fixed monitoring in Building E are 
described in Section 3.3. of this report, it should be noted that RSP concentration in office 
buildings in the presence of smoking have typically ranged between 20 pg/m 3 and 50 pg/m 3 , 
similar to the findings from the personal monitoring in Building E (TD Sterling et al, 1987; EM 
Sterling et al, 1988; Guerin et al, 1992; Holcomb, 1993; Turner et al, 1993). 

The results of the UVPM analysis showed UVPM concentrations ranging between <2.4 to 32.6 
pg/m 3 (mean 16.93 pg/m 3 ). Similar mean concentrations were determined over both days of 
measurement. Analysis of the ratios between Total RSP and UVPM concentrations suggests 
that, on average, between 60% and 75% of the determined RSP mass was associated with 
combustion-related processes, including ETS. Regression analysis showed a positive correlation 
between total RSP and UVPM concentrations (r 2 = 0.27)’. 

FPM concentrations ranged from 1.0 pg/m 3 to 12.2 pg/m 3 , with a mean FPM concentration of 
4.6 pg/m 3 over the two days of monitoring. The ratio between total RSP and FPM estimates that 
typically between 20% and 50% of the total RSP mass was associated with ETS and other 
combustion related processes. Comparison of the FPM and UVPM results shows substantially 
lower FPM concentrations. The lower FPM concentrations are consistent with the research 
findings of Ogden and Maiolo (1989), who showed that UVPM overestimated ETS-related 
particulates by up to 30% in an experimental chamber and that FPM provided a more accurate 
estimate of ETS-related particulate matter. 

Mean solanesol concentrations were 0.13 pg/m 3 on April 13th and 0.15 pg/m 3 on April 14th, 
with a range of concentrations from <0.06 pg/m 3 to 0.49 pg/m 3 . The weight ratios for 
solanesol/total-RSP ranged from 0.33% to 1.46%, with a mean weight ratio of 0.61%. These 
results are similar to those reported in "real world" work environments in Germany (Scherer et 
al, 1993), where a less than 1% weight ratio for solanesol/total-RSP was reported. Regression 
analysis showed a positive correlation between RSP and solanesol concentrations (r 2 = 0.32). 


Further analysis showed a higher degree of correlation between solanesol and the other estimates 

• » 

of ETS-related particulate matter (i.e. UVPM and FPM). For solanesol versus FPM, a close to 

■ 

ft 

perfect linear correlation was identified (r 2 = 0.91). This close correlation between FPM and 
solanesol was also observed in chamber and field experiments conducted by Ogden et al (1990). 
Overall, the solanesol concentrations measured in Building E suggest that approximately 35% to 



See Appendix One for the scattergram showing the RSP/UVPM relationship, and also the interrelationships 
between the other measured variables. 


rw.induslrydocuments.ucsl.edu/docs/hkbjO( 



Theodor D. Sterling and Associates Ltd. 



26 


total RSP mass may be attributable to ETS, an estimate similar to that determined 


from the FPM analysis. 




3.3.2 


Nicotine concentrations determined for the 13 personal monitoring subjects in Building E ranged 
from 0.4 pg/m 3 to 4.7 j-ig/m 3 , with a mean nicotine level of 2.04 p.g/m 3 . These levels are slightly 
lower than those reported for the personal monitoring conducted in New Mexico by Coultas et al 
(1990), who reported a mean nicotine concentration of 4.85 pg/m 3 . However, as previously 
noted, Coultas et al (1990) did not report ventilation conditions or smoking prevalence in the 
office workplaces. 

While some researchers have suggested a constant ratio between RSP and nicotine 
concentrations of 10:1 (Repace and Lowrey, 1993), the results from Building E do not concur 
with this conclusion. For the 13 personal monitoring subjects, the RSP:nicotine ratio varied 
substantially from 4:1 to 75:1. Regression analysis showed a poor correlation between nicotine 
and RSP (r 2 = 0.01). The finding of extreme variability in the RSP:nicotine ratios has also been 
reported from a survey of the research literature by Guerin et al (1992), who observed variable 
ratios from 4:1 to 100:1. 

3-EP concentrations ranged from 0.45 pg/m 3 to 1.45 pg/m 3 , with a mean concentration of 0.91 
jjLg/m 3 . The nicotine to 3-EP ratio was generally consistent, ranging from 2:1 to 5:1 (i.e. 3-EP 
concentrations were between Vi and Vs of corresponding nicotine levels), with three exceptions. 
For subjects E-5, E-6 and E-14, 3-EP concentrations were higher than the corresponding nicotine 
levels. In all three instances, the absolute nicotine concentrations were the lowest in the data set 
(0.63 pg/m 3 or less). The apparent anomaly in 3-EP levels associated with nicotine 
concentrations marginally above the analytical detection limit was also observed in recent field 
monitoring research conducted by TDSA Ltd. in Seattle and Dallas (TDSA, 1994). The 
observed anomaly may be associated with the different absorbent properties of 3-EP and 
nicotine, with nicotine more readily absorbed on surfaces. 

TVOC concentrations determined for the 15 personal monitoring subjects in Building E showed 
generally consistent concentrations, ranging from < 1.3 to 26.2 pg/m 3 , with one exception. For 
subject E-12, a TVOC concentration of 502.6 pg/m 3 was recorded. As the tracers of particle- 

phase and vapor-phase ETS-exposure for subject E-12 were not elevated above those determined 

* 

for the other subjects, the elevated TVOC concentration does not appear to be related to ETS 
exposure. Chromatographic analysis of the TVOC samples identified low levels of low 
molecular weight compounds in the C3 to C7 range, such as toluene and xylene. In the sample 
from subject E-12, higher molecular weight compounds in the C9 to Cl 1 range were also found. 
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These higher weight compounds were qualitatively identified as common indoor VOC’s such as 
terpenes, d-limonene and a-pinene, which are typically found in inks, adhesives, air fresheners, 
and cleaning products. 

While the personal exposure of subject E-12 to TVOC's was substantially higher than the other 
subjects, the absolute concentration should not represent a concern for health. European 
researchers have identified TVOC concentrations at which different human responses occur 
(Molhave et al, 1986). The following ranges have been described: 

• a "no effect" response at concentrations less than 0.2 mg/m 3 . 

• a "threshold for sensory perception" between 0.2 and 3.0 mg/m 3 , (i.e. odours may be 

recognized by some individuals). 

• a "discomfort" range above 3.0 mg/m 3 . 

• a "toxic effects" range above 25.0 mg/m 3 . 

The TVOC exposure for subject E-12 (502.6 (ig.m 3 or 0.5 mg/m 3 ) was at the lower end of the 
"threshold for sensory perception" described by Molhave et al. Measured TVOC concentrations 
for the other personal monitoring subjects were within the "no effect" response range of less than 
0.2 mg/m 3 . 


3.3.3 Salivary Cotinine 

9 

The salivary cotinine analysis showed cotinine levels of between <1.0 ng/mL and 6 ng/mL for 
10 of the 13 subjects, and elevated cotinine levels for two subjects: 32.9 ng/mL for subject E-10 
and 79.6 ng/mL for subject E-l 1. The saliva sample collected for subject E-9 was contaminated 
in transit to the analytical laboratory and was excluded from further analysis. 

* 

Low salivary cotinine levels of less than 6 ng/mL are typical of concentrations reported for non- 
smokers by other researchers. For example, Coultas et al (1990) reported a mean salivary 
cotinine level of 3.5 ng/mL (standard deviation 5.9 ng/mL) for their 15 personal monitoring 
subjects in New Mexico. The low cotinine levels recorded for 10 of the subjects in E-building 
verify their reported status as non-smokers. 

Previous research has suggested a "cut off' point between current smokers and non-smokers as 
ranging between 20 ng/mL and 100 ng/mL (Coultas et al, 1987; Pierce et al, 1987; Lee, 1992). 

The cotinine concentrations for subjects E-10 and E-l 1, while elevated above the other subjects, 

» 

were both within this range. For comparison purposes, a saliva sample was obtained from a 

■ 

smoker in Building E and analyzed with the other samples. The resultant cotinine concentration 


► 
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for the smoker was 207 ng/mL, substantially higher than all of the personal exposure monitoring 
subjects in the same workplace. 

Review of the measured particle-phase and vapor-phase tracers of ETS exposure for subjects 
E-10 and E-l 1 does not show substantial differences in exposure compared to the other subjects. 
Consequently, the two subjects are assumed to be non-smokers. A possible explanation for the 
higher cotinine concentrations for the two subjects may be dietary intake of nicotine containing 
foods, such as leafy vegetables, potatoes and tomatoes. The impact of dietary nicotine on 
cotinine levels has been demonstrated by several investigators (Davis et al, 1991; Idle, 1990). 

Regression analysis did not show a high degree of correlation between cotinine levels and the 
particle-phase and vapor-phase indicators of ETS exposure. 

From the activity logs maintained by each personal monitoring subject, the number of cigarettes 
smoked within a subject's proximity was estimated and a smoking frequency was calculated, 
expressed as the number of cigarettes per hour. The mean reported smoking frequency was 1.4 
cigarettes/hour, with a range from 0 to 5 cigarettes/hour. The higher smoking frequencies were 
associated with the presence of a subject in meeting rooms alongside smokers. The reported 
smoking frequency was similar during both days of personal monitoring. 

Regression analysis of the reported smoking frequency against the particle-phase and vapor- 

f 

phase indicators of ETS exposure showed weak correlation between the variables. The r 2 
coefficients for reported smoking frequency versus total RSP, UVPM, nicotine and 3-EP were all 
less than 0.05. The r 2 coefficients for cigarettes/hour versus FPM and solanesol showed a 
slightly stronger correlation (r 2 of 0.26 and 0.34 respectively). 

The reported smoking frequency in Building E of 1.4 cigarettes/hour is marginally higher than 
the 1992 U.S. national average smoking rate in office workplaces of 1.21 cigarettes/hour reported 
in the National Health Interview Survey (U.S. NCHS, 1992). This comparison suggests that 
smoking conditions in Building E may be considered "typical" of other office work environments 
in the U.S. 

3.4 FIXED LOCATION MONITORING: BUILDING E 

The results from the fixed location monitoring at the four indoor sites and an outdoor site are 
presented in Table Four. The upper portion of the table shows the daily results from each site. 
The lower part of the table presents summary statistics for each of the monitoring locations and 
all four indoor locations combined. 
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TABLE 4 

FIXED LOCATION MONITORING RESULTS: BUILDING E 



PARTICULATE FRACTION 

GASEOUS FRACTION 

Total RSP 

(ufl/m3) 

UVPM 

(ug/m3) 

FPM 

(ug/m3) 

Solanesol 

(uq/m3) 

Nicotine 

(ug/m3) 

3-EP 

(uq/m3) 

TVOC 

(ug/m3) 

Date 

Site 


A 

29.2 

21.44 

7.32 

0.25 

2.01 


62.1 


B 

67.4 

20.21 

5.07 

0.21 

4.39 


277.5 

April 12 

OUT 

22.6 

<2.4 

<0.4 

<0.06 

— 

— 

3.0 


C 

<12.5 

<2.4 


<0.06 

3.74 

0.89 

128.6 


D 

22.3 

6.59 


0.08 

2.14 

0.77 

287.8 

April 13 

OUT 

25.6 

<2.4 

<0.4 

<0.06 

— 

— 

5.6 


A 

19.7 

7.12 

2.13 

0.07 

' 

2.42 

0.74 

96.0 


B 

26.8 

27.31 


0.26 

1.92 

0.86 

256.9 


OUT 

22.2 

<2.4 

<0.4 

<0.06 

— 

— 

7.4 

April 15 

C 

14.9 

4.76 

2.66 

0.09 

2.38 

0.72 

411.7 

April 15 

D 


<2.4 

1.36 

<0.06 

2.64 

0.69 

138.9 

April 15 

OUT 

19.4 

<2.4 

<0.4 

< 0.06 

— 

rT "' r ™ 

10.2 


SUMMARY STATISTICS 


.Means 

A 

24.5 

14.28 

4.73 

0.16 

2.22 

0.74 

79.1 


B 

47.1 

23.76 

5.74 

0.24 

3.16 

1.08 

267.2 


C 

7.5 

2.38 

1.82 

0.05 

3.06 

0.81 

270.2 


D 

31.4 

3.30 

1.63 

0.04 

2.39 

0.73 

213.4 

Combined 

Mean 

29.2 

11.53 

t 

3.48 

0.14 

2.71 

0.84 

207.4 

Sites 

Median 

22.3 

6.86 

2.40 

0.09 

0.09 

2.26 

1.31 

0.76 

192.8 


Std. Dev. 

15.7 

9.72 

2.55 

0.37 

119.7 

Outdoor 

Mean 

22.5 

<2.4 

<0.4 

<0.06 



6.6 


Median 

22.4 

<2.4 

<0.4 

<0.06 

— 

— 

6.5 


When levels are reported as less than the detection limit, the detection limit is used 
for the purpose of calculating the mean value 
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Similar to the analysis of the personal monitoring data, linear regression analyses were 
performed to investigate the relationships between the measured variables. Scattergrams 
showing a line of best fit, regression equation and regression coefficient are included in 
Appendix Two. 




Total RSP concentrations varied substantially between the four fixed monitoring locations, 
ranging from <12.5 p.g/m 3 to 67.4 p.g/m 3 , with a combined mean concentration for all indoor 
sites of 29.2 pg/m 3 . In comparison, outdoor concentrations over the four day sampling period 
ranged from 19.4 pg/m 3 to 25.6 pg/m 3 (mean 22.5 pg/m 3 ). The RSP concentrations throughout 
the fixed monitoring locations in Building E are similar to levels measured in other similar office 
environments. Research has shown RSP levels to typically range from 20 pg/m 3 to 50 pg/m 3 in 
mechanically ventilated buildings in which smoking is permitted (E.M. Sterling et al, 1988; 
Turner et al, 1993). 


UVPM concentrations also varied widely between the four monitoring locations, ranging from 
<2.4 pg/m 3 to 27.3 pg/m 3 , with a combined mean concentration of 11.5 pg/m 3 . Analysis of the 
total RSP:UVPM ratios provides an estimate that between 20% and 60% of the total RSP mass 
may be associated with combustion-processes, including ETS. This estimate is slightly lower 
than was observed from the personal monitoring data in Building E (60% to 75%). 



Similar to the findings from the personal monitoring, FPM concentrations at the fixed monitoring 
locations were consistently lower than corresponding UVPM levels. FPM levels ranges from 
0.97 pg/m 3 to 7.32 pg/m 3 , with a mean FPM concentration of 3.5 pg/m 3 . The total RSP:FPM 
ratios estimate that the source of between 10% and 25% of the total RSP mass was ETS and 
other combustion processes. This estimate is also slightly lower than observed in the FPM 
analysis from the personal monitoring, which provided an estimate of 20% to 50%. These 
differences between the data sets highlights the variability associated with the analytical 
procedures to estimate the proportions of ETS-related particulate matter. 

Solanesol concentrations at the fixed monitoring locations ranged from 0.06 pg/m 3 to 0.25 p 
g/m 3 , with a mean concentration of 0.14 pg/m 3 . The measured solanesol concentrations were 
similar to those found in the personal exposure monitoring. The weight ratios for solanesol/total- 
RSP ranged from 0.2% to 0.7%. The measured solanesol concentrations estimate that 

approximately 15% to 30% of the total RSP may be attributed to ETS, similar to the estimate for 

► 

the FPM analysis. As might be expected, no UVPM, FPM or solanesol concentrations were 
detected in any of the outdoor RSP samples. 
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3.4.2 Vapor-Phase Constituents 

Nicotine concentrations were generally similar at all of fixed monitoring locations over the 
measurement period. The mean nicotine level for all sites combined was 2.71 jig/m 3 , with a 
measured range of 1.92 pg/m 3 to 4.39 pg/m 3 . These results are consistent with data from fixed 
location monitoring in office workplaces in which smoking is permitted. Nicotine concentrations 
have typically ranged between 1 pg/m 3 and 5 pg/m 3 (T.D. Sterling and Mueller, 1988; Guerin et 
al, 1992; Turner et al, 1993; Holcomb, 1993). 

Similar to the personal monitoring data from Building E, a consistent nicotine to RSP ratio was 
not observed for the fixed location data. The RSP:nicotine ratios varied from approximately 6:1 
to 15:1. Regression analysis showed a weak positive correlation between nicotine and RSP 
(r 2 = 0.28). 

3-EP concentrations were also similar at all four fixed location monitoring sites, ranging from 
0.69 pg/m 3 to 1.3 pg/m 3 (mean 0.84 pg/m 3 ). The nicotine to 3-EP ratio was generally consistent, 
ranging from 2.4:1 to 4.5:1. Regression analysis also showed a high degree of correlation 
between 3-EP and nicotine (r 2 = 0.66). Unlike the personal monitoring data set, the anomaly of 
3-EP concentrations higher than corresponding nicotine levels was not evident in the fixed 
location data. This anomaly was observed in the personal monitoring and in previous research 
(TDSA Ltd., 1994) only when nicotine concentrations were slightly above the analytical 
detection limit. 

9 

TVOC concentrations varied substantially between the four fixed monitoring locations, ranging 
from 62.1 |ug/m 3 to 411.7 pg/m 3 (mean 207.4 pg/m 3 ). Indoor TVOC concentrations were an 
order of magnitude higher than corresponding outdoor levels, which ranged from 3.0 pg/m 3 to 

10.2 pg/m 3 . Gas chromatography analysis identified similar compounds in most samples, 
including toluene, xylene, d-limonene and a-pinene. Typical sources of these TVOC's including 
cleaning products, inks, adhesives and other common office products. 

3.4.3 Other Air Quality and Thermal Comfort Measurements 

In addition to the measurement of the particle-phase and vapor-phase indicators of ETS exposure 
at the fixed monitoring locations, continuous monitoring for C 02 > temperature, relative humidity 
and CO was performed over the four day period from April 12th to 15th. The results are 
presented in Appendix Three as graphs showing measured levels of each parameter against time 
ofday. 
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Carbon dioxide concentrations were similar at all four indoor monitoring locations, typically 
ranging between 500 and 600 ppm during occupied hours. Outdoor CO 2 levels were between 
350 ppm and 400 ppm throughout the four day period. 

Indoor CO 2 concentrations only exceeded 600 ppm at one site on one day of monitoring. A 
short term peak CO 2 concentration of 850 ppm was recorded at site E-B (First floor, enclosed 
office) during the afternoon of April 12th. During that time, a meeting of four people in the 
enclosed office was observed. 



Daily trends in CO 2 concentrations were consistent at all sites. During unoccupied hours, CO 2 
levels were at background concentrations similar to outdoors (e.g. 400 ppm). CO 2 levels began 
to increase upon arrival of staff in the mornings, reaching peak levels of up to 600 ppm during 
the work day. Following the departure of staff at the end of the workday, CO 2 levels decreased 
to background. This diurnal pattern has consistently been observed in other office work 
environments (Persily, 1993; Levine et al, 1993). 

The results of the CO 2 monitoring clearly confirm the conclusions from the HVAC assessment 
that the volumes of outside air supplied to Building E are in accordance with ASHRAE Standard 
62-1989. The minimum ventilation rate requirements described in Standard 62-1989 are based 
on the control of indoor CO 2 concentrations to less than 1000 ppm. 

Temperature and relative humidity levels were generally consistent at the four monitoring 
locations. During occupied hours, temperatures normally ranged between 73°F and 77°F. 

Slightly higher temperatures of up to 82°F were recorded at site E-C (First floor, open plan 
office). The probable cause of the localized elevation of temperatures was the presence of three 
video display terminals (VDT) at the workstation close to the temperature recorder. VDT's 
represent a significant localized heat source in offices and other work environments. 

During the four day monitoring period, outdoor temperatures ranged from the low of 60°F during 
evenings to daytime peak levels of 80°F to 85°F. Similar peak levels were observed on all four 
days. 

Relative humidity levels throughout Building E were consistently recorded between 40% and 
55% during occupied hours. Corresponding outdoor humidity levels were more variable, ranging 
from approximately 40% during the afternoon of April 14th to 85% on the morning of April 
13th. 

t 

The results of the temperature and humidity monitoring indicate that the HVAC systems serving 
Building E were providing acceptable thermal conditions for occupant comfort during the period 
of research. ASHRAE Standard 55-1992 describes acceptable comfort ranges for temperature 
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and relative humidity for different seasonal conditions. For summer conditions, Standard 55- 
1992 describes an acceptable temperature range of 73°F to 79°F at 50% relative humidity (which 
was typical of the humidity levels in Building E). Temperature levels throughout Building E 
were generally within this range, with the short term exception of site E-C, due to the localized 
heat sources adjacent to the continuous monitor. 

ASHRAE Standard 55-1992 also describes an acceptable comfort range for indoor humidity of 
20% to 60%. Additional research by E.M. Sterling et al (1985) had suggested a narrower 
humidity range of 40% to 60% as optimal for occupant comfort. Humidity levels in Building E 
were within the "optimal" range for comfort. 

The carbon monoxide monitoring at the four indoor sites and one outdoor site showed 
consistently low CO concentrations. The analytical resolution of the instrument allows for the 
recording of CO levels in increments of 2.5 ppm (i.e. 0, 2.5, 5.0 ppm etc.). CO concentrations 
did not exceed 2.5 ppm either at any of the four indoor fixed monitoring locations or at the 
outdoor monitoring location. The low CO concentrations in the outdoor air show that 
contamination of the outside air supply through infiltration of vehicle exhaust was not occurring 
during the period of monitoring. 


3.5 COMPARISON OF THE PERSONAL AND FIXED LOCATION MONITORING 


Table Five compares the results obtained from the personal monitoring and fixed location 
monitoring throughout Building E. Comparison of the mean and median values for both the 
particle-phase and vapor-phase tracers of ETS exposure shows similar measured concentrations. 
The one exception is TVOC concentrations. 


The pattern of differences between the two data sets is not consistent. For total RSP and 
nicotine, higher concentrations were determined in the fixed location monitoring; whereas higher 

i 

levels for UVPM, FPM, solanesol and 3-EP were found in the personal monitoring. However, 
the magnitude of difference between the two data sets is small (except for TVOC). 


Based on the results from Building E, the overall similarity in measured concentrations indicate 
that fixed location monitoring (which has been predominantly used to measure ETS-related 
constituents in office buildings and other workplaces) appears to provide a close approximation 
to non-smoking occupants' exposure to ETS, as determined through personal monitoring. 

TVOC concentrations measured in the fixed location monitoring were significantly higher than 
those obtained in the personal monitoring. The cause of this discrepancy may relate to the use of 
different sampling procedures. For the personal monitoring, a passive sampling method was 


4 
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TABLE 5 

COMPARISON OF RESULTS FROM PERSONAL & FIXED LOCATION MONITORING 
BUILDING E 



PARTICULATE FRACTION 

GASEOUS FRACTION 

- - - - - - . — 

Saliva 

Cotinine 

(ng/mL) 

Smoking 
Frequency 
(# ciqs/hr) 




Solanesol 

(ug/m3) 

Nicotine 

(ug/m3) 

3-EP 

(ug/m3) 

TVOC 
(ug/im3) 

Date 

Site 

PERSONAL 







• 




April 13th 

Mean 

26.4 

17.13 

4.13 

0.13 

1.84 

0.87 

8.4 

2.3 

1.4 


Median 

26.7 

19.44 

5.13 

0.14 

1.54 

0.82 

9.2 

1.3 

1.5 

April 14th 

Mean 

21.2 

16.75 

5.00 

0.17 

2.22 

0.94 

87.2 

20.2 

1.4 

# ( 


Median 

18.8 

12.19 

3.06 ' 

0.10 

1.58 

0.91 

18.2 

3.3 

0.5 

Combined 

Mean 

23.6 

16.93 

4.60 

0.15 

2.04 

0.91 

¥ 

50.3 

11.2 

1.4 


Median 

22.8 

12.86 

4.33 

0.11 

1.58 

j 

0.89 

| 

12.8 

2.1 

0.9 

AREA 






| 

i 

i 




Means 

A 

24.5 

14.28 

4.73 

0.16 

2.22 

J 

0.74 

79.1 




B ‘ 

47.1 

23.76 

5.74 

0.24 

3.16 

1.08 

267.2 




C 

13.7 

3.58 

1.82 

0.08 

3.06 

0.81 

270.2 




D 

31.4 

4.50 

1.63 

0.07 

2.39 

0.73 

213.4 



Combined 

Mean 

29.2 

11.53 

3.48 

0.14 

2.71 

0.84 

207.4 




Median 

22.3 

6.86 

! 2.40 

0.09 

2.26 

0.76 

192.8 



Outdoor 

Mean 

22.5 

<2.4 

<0.4 

<0.06 

— 

— 

6.6 




Median 

22.4 

<2.4 

<0.4 

<0.06 



6.5 
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employed, whereas active sampling was used in the fixed location monitoring.* Different 
collection efficiencies between the sampling methods may be responsible for the varying 
measured concentrations. 

3.6 CONCLUSIONS: BUILDING E 

The HVAC system performance assessment and the continuous monitoring of CO 2 , temperature 
and relative humidity showed that the HVAC systems serving Building E were supplying outside 
air to the total building and specific work locations at ventilation rates close to, or in accordance 
with, ASHRAE Standard 62-1989, and were providing acceptable thermal comfort conditions 
according to ASHRAE Standard 55-1992. 

From the data gathered during the randomized selection procedure used to identify personal 
monitoring subjects and the subjects' activity logs, the estimated number of smokers and 
smoking prevalence among the occupant population in Building E appears to be similar to the 
U.S. National average. For Building E, the estimates were 22.2% smokers, with a smoking rate 
of 1.4 cigarettes/hour. The 1992 U.S. National average for offices was 20.2% smokers at a rate 
of 1,21 cigarettes/hour (U.S. NCHS, 1992). The estimated smoking conditions were also 
consistent with conditions of "moderate" smoking defined by ASHRAE as 27% smokers with a 
smoking rate of 1.25 cigarettes/hour (ASHRAE, 1991). 

Given the two above conclusions, the monitoring of ETS-related constituents in Building E 
provides an important case study of non-smokers' exposure to ETS in an office environment in 
which smoking is permitted without restriction, under acceptable HVAC operating conditions 
and typical smoking conditions. 

The results from both the personal monitoring and fixed location monitoring of particle-phase 
and vapor-phase traces of ETS exposure showed that ETS levels may be effectively controlled to 
low concentrations in a building ventilated in accordance with current North American standards. 
The measured concentrations of ETS-related constituents were also consistent with levels 
reported from research conducted in other adequately ventilated office buildings. 



For all of the other measured parameters, the sampling and analytical procedures used in the personal and fixed 
location monitoring were identical. 
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4.0 RESULTS: BUILDING F 



4.1 BUILDING DESCRIPTION 


Building F is a three level structure, including two storeys above grade (Floors 1 and 2) and one 
storey below grade (the Basement). Building F was designed and constructed in 1988/1989, with - 
a gross floor area of 63,000 ft 2 . Windows throughout the building do not open. 

The upper two floors of Building F include typical office configurations and activities. A mix of 
enclosed and open plan offices are housed in the perimeter areas of each floor. The interior 
spaces include open plan areas divided by head height partitioning, meeting rooms, staff lounges, 
and enclosed equipment rooms containing photocopiers and computers. The Basement includes 
open plan areas and enclosed offices at the North end, a staff lounge (formerly the cafeteria), 
mail room, loading bay/storage area and a mechanical room housing the main AHU’s serving the 
building. The interior-layouts of the three floors are shown in Figures Three through Five. 

As was the case with the other study building (Building E), smoking is permitted throughout the 
occupied space without restriction. From the telephone survey used to identify subjects for the 
personal exposure monitoring, the proportion of smokers in Building F is estimated at 22.0%.* 

This estimate is almost identical to the estimate of 22.2% smokers in Building E. 

Heating, ventilation and air conditioning in Building F is provided by two variable air volume 
(VAV) systems. The main air handling equipment is housed in the mechanical room in the 
basement. One VAV system (AHU #1) serves the basement and first floor. The second VAV 
system (AHU #2) serves the second floor. The two AHU's are located side by side in the 
mechanical room. 



Outside air is drawn into the two AHU's through a common intake located at ground level on the 
east side of the building. The design and operation of both VAV systems are identical. On entry 
into the AHU, outside air is mixed with return air recirculated from the occupied space. The > 
proportions of outside air and return air are variable dependent upon the relative positioning of 
modulating dampers. 

The mixed air (mix of the outside and return air) is filtered and cooled as necessary, then 

delivered to each floor through a vertical shaft by vane-axial supply fans. On each floor, the 

ventilation air is ducted to a series of VAV terminal boxes in the suspended ceiling, each 

# 

controlled by a wall-mounted thermostat. Every VAV terminal box is equipped with a damper 



* A total of 118 staff from the total staff listing of 212 were contacted, of which 26 reported they were current 
smokers. 
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which modulates to vary the volume of ventilation air supplied to a particular HVAC zone, 
depending on the thermostat requirements. If a zone thermostat requires cooling, the damper in 
the VAV box will modulate open to increase the flow of cooled air to the occupied space, 
thereby reducing the space temperature. Conversely, if heating is required, the damper in the 
VAV box will modulate to reduce the airflow to the zone, thereby increasing the space 
temperature. 

Throughout Building F, the ventilation air is ducted from the VAV boxes to linear, slot diffusers 
in the suspended ceiling and distributed to the occupied space. Return air is drawn back into the 
plenum through slot openings and is ducted back to the basement mechanical rooms by return air 
fans in each AHU. 

In any VAV system, the volumes of total air, outside air and return air are dynamic and 
constantly changing, as a function of space temperature and variable air flows from the VAV 
boxes. Therefore, the HVAC operational configurations in Building F required ongoing 
quantitative assessment during the course of the working day, which is in marked contrast to the 
HVAC systems serving Building E, in which a fixed volume of outside air and a constant volume 
of total supply air was delivered to the occupied space. 

4.2 ASSESSMENT OF HVAC SYSTEM PERFORMANCE 

Table Six presents the results from the quantitative assessment of airflows delivered by the two 
VAV systems serving Building F. The top part of the table shows performance data for AHU 1, 
serving the basement and first floors. The lower portion presents the results for AHU 2, serving 
the second floor. For both systems, a series of measurements were conducted during April 13th 
and April 14th, corresponding to the two days of personal exposure monitoring. Repeated 
measurements were necessary to assess the dynamic changes in ventilation performance inherent 
to VAV systems. 

4.2.1.1 Air Handling Unit 1: Basement and First Floor 

For AHU 1, seven sets of replicate measurements were taken over the two day monitoring 
period. The total air supply (outside air plus return air) over that period ranged from 25132 cftn 
to 27666 cfrn, with the proportion of outside air as a percentage of the total supply varying from 
23.6% to 37.1%. Subsequently, the volumes of outside air supplied by AHU 1 to the basement 
and first floors varied between 5932 cfrn and 10274 cfrn. 
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TABLE SIX 

ASSESSMENT OF TOTAL BUILDING HVAC PERFORMANCE: BUILDING F 
AHU#1: Basement and First Floor 


Date 

Time 

Total Air 

Return Air 

Outside Air 

% Outside 

Estimated Maximum 

Outside Air Ventilation 



(CFM) 

(CFM) 

(CFM) 

Air 

Occupancy 

(CFM/Occupant) 

* 






(Based on 7/1000 ft 2 ) 

Based on 80% Vent. Effect. 

April 13th 

8:35 am 

27666 

17392 

10274 

37.1 

t 

231 , 

35.6 


2:00 pm 

24480 

18416 

6064 

24.8 

231 

21.0 

- 

3:30 pm 

25696 

18720 

6976 

27.1 

231 

24.2 

April 14th 

8:30 am 

27539 

20832 

6707 

24.3 

231 

23.2 


10:10 

25938 

16896 

9042 

34.9 

231 

31.3 

1 

am 

1 







1:30 pm 

26960 

16672 

10288 

38.2 

231 

35.7 


3:10 pm 

25132 

19200 

5932 

23.6 

% 

231 

20.6 


AHU #2: 

Second Floor 






Date 

Time 

Total Air 
(CFM) 

Return Air 
(CFM) 

1 

Outside Air 
(CFM) 

% Outside 
Air 

Estimated Maximum 
Occupancy 
(Based on 7/1000 ft 2 ) 

Outside Air Ventilation 
(CFM/Occupant) 
Based on 80% Vent. Effect. 

April 13th 

8:35 am 

12482 

8456 

4026 

32.2 

147 

21.9 


1:00 pm 

13460 

7630 

5830 

43.3 

147 

31.7 


1:35 pm 

13460 

10440 

3016 

22.5 

147 

16.4 


3:00 pm 

12534 

11074 

1416 

11.3 

147 

7.7 

April 14th 

8:30 am 

16037 

13076 

2461 

15.4 

147 

13.4 


1:05 pm 

13606 

11564 

i 

! 2042 

15.0 

147 

11.1 
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The gross floor area of the basement and first floor is 42,000 ft 2 , of which approximately 9,000 
ft 2 is non-conditioned space not served by AHU 1, including the loading and storage area and the 
mechanical room. Therefore, AHU serves a net floor air of 33,000 ft 2 . Based on the maximum 
occupancy criterion of seven occupants per 1,000 ft 2 described for office space in ASHRAJ3 
Standard 62-1989, the estimated maximum occupancy for the basement and first floor of 
Building F is 231 persons. As previously noted, the estimated maximum occupancy is a 
standardized criterion used in the design of HVAC systems. For total building HVAC design 
and performance analysis, the estimated maximum occupancy is a more appropriate indicator of 
the building population than observed population, which may be highly variable over time. 

Ventilation effectiveness in Building F was estimated at 80% by the engineers from Air 
Conditioning Test and Balance Co. Inc., who conducted the HVAC performance assessment. 

Given the measured outside air volumes supplied by AHU 1, the estimated maximum occupancy 
of 231, calculated outside air ventilation rates were similar on both days of measurement, ranging 
from 21.0 to 35.6 cfm/occupant on April 13th and from 20.6 to 35.7 cfm/occupant on April 14th. 
Overall, the performance assessment indicates that AHU 1 was operating to provide ventilation 
rates in accordance with ASHRAE Standard 62-1989, which describes an outside air requirement 

9 

for office space of 20 cfm/occupant. 


4.2.1.2 Air Handling Unit 2: Second Floor 

Seven sets of replicate measurements were also collected for AHU 2 over the two day monitoring 
period. The total air supply distributed for AHU 2 to the second floor over the two day period 
ranged from 12482 cfm to 16037 cfm, with the total volumes of outside air ranging from 1416 
cfm to 5830 cfm. Higher volumes of outside air were measured on April 13th compared to April 
14th. 


From the total floor area of 21,000 ft 2 for the second floor, the estimated maximum occupancy 
based on 7 persons/1000 ft 2 is 147. Given this estimated occupancy and an estimated ventilation 

A 

effectiveness of 80%, the calculated outside air ventilation rates supplied by AHU 2 varied from 
7.7 cfm/occupant to 31.7 cfm/occupant. On April 13th, outside air ventilation rates were in 
excess of 20 cfm/occupant for the morning, as indicated by measurements taken at 8:35 a.m., and 
1 p.m. Data taken later in the day at 1:25 p.m. and at 3 p.m., showed reduced outside air intake, 
resulting in a lower ventilation rates of between 7.7 and 16.4 cfm/occupant. 

On April 14th, outside air volumes supplied by AHU 2 were lower than the previous day. 
Consequently, outside air ventilation rates were also lower, ranging from 11.1 cftn/occupant to 
14.3 cfm/occupant. 
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The quantitative assessment indicates that AHU 2 was providing outside air ventilation rates in 
accordance with ASHRAE Standard 62-1989 for much of die operating day on April 13th, but at 
ventilation rates below the outside air requirement for office space of 20 cfm/occupant described 
in ASHRAE Standard 62-1989 on April 14th, based on the estimated maximum occupancy. 


4.2.2 



Table Seven presents the results of the local ventilation performance assessment at each of the 
four fixed monitoring locations in Building F. Measurements of the total ventilation air supplied 
through the ceiling diffusers to each location were performed between 9 a.m. and 9:30 a.m. on 
both April 13th and April 14th. The outside air supply to each location was then calculated by 
multiplying the measured total supply air by the percentage of outside air determined at the main 
AHU, and by correcting for an estimated ventilation effectiveness of 80%. As the ventilation 
measurements at the fixed monitoring locations were taken between 9 a.m. and 9:30 a.m. on both 
days, percentages of outside air determined during the set of measurements at the main AHU's 
taken between 8:30 and 8:45 a.m. were used in the calculations*. 

The results show variable outside air ventilation rates at the four fixed monitoring locations 

during the two days of monitoring. On April 13th, outside air ventilation rates at all four 

& 

locations were at or above the 20 cfm/occupant criterion described in ASHRAE Standard 62- 
1989, ranging from 23.8 cfm/occupant to 56.6 cfm/occupant. On April 14th, outside air 
ventilation rates were marginally below the 20 cfm/person criterion at three of the four fixed 
monitoring sites, ranging from 13.5 cfm/occupant to 15.5 cfm/occupant at sites A, B and D. The 
outside air ventilation rate at site C (an enclosed office) was 37.6 cfm/occupant. 


Overall, the results from the local ventilation assessments concur with the total building 
assessment, the VAV systems serving Building F were providing outside air to the occupied 
space in accordance with, or marginally below, the outside air requirements described in current 
North American ventilation standards. 



► 

* For AHU 1, the percentage of outside air were 37.1% on April 13th and 24.3% on April 14th. For AFfU 2, the 
percentages were 32.2% and 15.4% respectively. 
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TABLE SEVEN 

ASSESSMENT OF HVAC PERFORMANCE AT FIXED LOCATION MONITORING SITES: BUILDING F 


Site 


ft- .UK 


E-A 

(First Floor) 


E-B 

(Second Floor) 


E-C 

(Second Floor) 


E-D 

(Second Floor) 


Date 


April 13th 
April 14th 


April 13th 
April 14th 



Time 

Total Air 
(CFM) 

% Outside 
Air 

Outside Air 

(CFM) j 

• 

* 

Observed 

Population 

Outside Air Ventilation 
(CFM/Occupant) 

Based on 80% Ventilation 
Effectiveness 

9:00 am 

240 

37.1 

89.1 

3 

23.8 

9:00 am 

.. 240 

24.3 

58.3 

3 

15.5 

9:00 am 

336 

32.2 

108.2 

3 

28.8 

9:00 am 

330 

15.4 

50.8 

3 

13.5 

9:00 am 

220 

32.2 

70.8 

1 

56.6 

9:00 am 

305 

15.4 

47.0 

1 

37.6 

9:00 am 

365 

32.2 

117.5 

3 

31.4 

9:00 am 

345 

15.4 

53.2 

3 

14.2 
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4.3 PERSONAL EXPOSURE MONITORING: BUILDING F 

Table Eight presents the results from the personal exposure monitoring in Building F. The upper 
portion of the table shows individual data sets for each of the twelve personal monitoring 
subjects. The lower part of the table provides summary descriptive statistics for both days of 
monitoring separately and combined. 

The results of linear regression analysis performed to evaluate the statistical associations between 
the measure variables are included in Appendix Four. 

4.3.1 Particle-Phase Constituents 

Total RSP concentrations ranged from 16.6 jug/m 3 to 49.6 pg/m 3 over the two days of personal 
monitoring. Mean concentrations were higher on April 14th (mean 41.9 pg/m 3 ), compared to 
April 13th (mean 30.1 pg/m 3 ). Despite the daily variability in RSP, the measured levels in 
Building F are typical of RSP concentrations found in other office buildings in which smoking is 
permitted, which have generally ranged between 20 pg/m 3 and 50 pg/m 3 (E.M. Sterling et al, 
1988; Guerin et al, 1992; Turner et al, 1993; Holcomb, 1993). As previously noted, the majority 
of RSP data gathered in office and other work environments have been determined through fixed 
location monitoring, rather than personal monitoring. 

UVPM concentrations ranged from 11.38 pg/m 3 to 44.18 pg/m 3 , with a combined mean over the 
two days of 23.74 pg/m 3 . Analysis of the ratio between UVPM and total RSP estimates that, on 
average, the source of between 50% and 80% of the total RSP is ETS and other combustion 
related processes. This UVPM estimate is similar to that shown for the personal monitoring in 
Building E. A similar positive correlation between UVPM and total RSP was also observed 
(r 2 = 0.22). 

a 

The estimation of ETS-related particle concentrations using FPM analysis was also similar 
between the two study buildings. The FPM'.RSP ratio from the personal monitoring data in 
Building F estimated that source of between 15% and 50% of the total RSP was ETS and other 
combustion processes. This finding is again consistent with the experimental research of Ogden 
and Maiolo (1989), who concluded that FPM provides a more accurate estimate of ETS-related 
particles than UVPM, which may overestimate ETS-particles by up to 30%. 

Solanesol concentrations ranged between 0.15 pg/m 3 and 0.58 pg/m 3 . The measured levels in 
Building F were higher than found in Building E, corresponding to higher total RSP 
concentrations. The weight ratios for solanesohRSP ranged from 0.42% to 1.9%, which are 
consistent with solanesol data gathered in both "real world" work environments (Scherer et al, 
1993) and chamber experiments (Ogden et al, 1990). 
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TABLE 8 

PERSONAL MONITORING RESULTS: BUILDING F 



* 

PARTICULATE FRACTION 

Total RSP 

(uq/m3) 

UVPM 

(ug/m3) 

FPM 

(ug/m3) 

Solanesol 

(ug/m3) 

Date 

Subject 

■mm 

F-1 

40.0 

26.15 

14.45 

0.30 


F-2 

32.3 

33.58 

15.94 

0.53 

April 13 

F-3 

23.6 

21.56 

6.67 

0.27 

April 13 

F-4 

36.0 

36.19 

7.89 

0.15 

April 13 

F- 5 

28.7 

23.55 

22.61 

0.52 

April 13 

F-6 

16.6 

11.11 

27.51 

0.28 

April 13 

F-7 

33.7 

24.16 

8.18 

0.17 

April 14 

F-8 

49.6 

44.18 

25.31 

0.51 

April 14 

F-9 

30.2 

12.90 

12.10 

0.58 

April 14 

F-10 

48.9 

21.55 

16.08 

0.31 

April 14 

F-11 

45.6 

18.69 

14.35 

0.44 

April 14 

F-12 

35.3 

11.2 8 

9.84 

0.42 


SUMMARY STATISTICS 


April 13th 

Mean 

Median 

Std. Dev. 

30.1 

32.3 

7.3 

25.19 

24.16 

7.63 

14.75 

14.45 

7.38 

0.32 

0.28 

0.14 

April 14th 

Mean 

41.9 

21.72 

15.54 

0.45 


Median 

45.6 

18.69 

14.35 

0.44 


Std. Dev. 

7.8 

11.84 

5.32 

0.09 

Combined 

Mean 

35.0 

23.74 

15.08 

0.37 


Median 

35.3 

21.56 

14.45 

0.42 


Std. Dev. 

9.5 

9.76 

6.61 

0.14 


When levels are reported as less than the detection limit, the detection limit Is used 
for the purpose of calculating the mean value 
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GASEOUS FRACTION 

Saliva 

Smoking 

Nicotine 

3-EP 

TVOC 

Cotinine 

Frequency 

(ug/m3) 

(ug/m3) 

(ug/m3) 

(ng/mL) 

(# cigs/hr) 

1.74 

1.29 

67.6 

1.4 

3.2 

2.15 

nySlilPW fl W*T| KiBpSsSl §f 

18.8 

1.1 

0.7 

2.28 

1.12 

23.0 

<1.0 

1.2 

1.48 

0.56 

352.3 

4.5 

0.1 

1.60 

1.06 

13.0 

<1.0 

0.0 

1.13 

0.84 

21.0 

<1.0 

0.7 

2.16 

0.88 

38.7 

<1.0 

1.0 

1.82 

1.13 

61.0 

1.1 

1.8 

1.63 


48.9 

2.0 

2.2 

2.33 


27.2 

<1.0 

3.2 

1.59 

1.10 

46.0 

1.4 

2.4 

1.90 

0.91 

105.3 

T3 

0.9 


1.79 

0.95 

76.3 

1.6 

1.0 

1.74 

0.90 

23.0 

<1.0 

0.7 

0.39 

0.22 

113.9 

1.2 

1.0 

1.85 


57.7 

1.4 

2.1 

1.82 


48.9 

1.3 

2.2 

0.26 


26.2 

0.3 

0.8 

1.82 

0.97 

68.6 

1.5 

1.5 

1.74 

0.96 

46.0 

1.1 

1.2 

0.35 

0.18 

89.1 

1.0 

1.1 
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Regression analysis showed poor correlation between solanesol and the other estimates of ETS- 
related particulate levels (UVPM and FPM). In both cases, the r 2 coefficients was less than 0,2. 
This result is in marked contrast to the data set for Building E, where a strong correlation was 
observed. Despite the weak correlation between solanesol and FPM in Building F, the solanesol 
results estimate that, on average, approximately 25% to 60% of the total RSP were ETS-related 
particles, similar to the estimate provided by the FPM analysis. 

4.3.2 

Nicotine concentrations for the twelve personal monitoring subjects in Building F were 
consistent over the two days of monitoring, ranging from 1.13 pg/m 3 to 2.33 pg/m 3 , with a 
combined mean of 1.82 pg/m 3 . Similar to the data from Building E, the measured nicotine levels 
in Building F were slightly lower than were observed in personal monitoring of five office 
workers in New Mexico (Coultas et al, 1990). However, the nicotine levels from the personal 
monitoring in both study buildings in Richmond were typical of the concentrations reported in 
fixed location monitoring in office environments in which smoking is permitted. 

An inconsistent ratio between RSP and nicotine concentrations was observed, ranging from 10:1 
to 29:1. Similar to the findings from Building E, these results refute the conclusions of a 
consistent RSP:nicotine ratio suggested by Repace and Lowrey (1993). 

3-EP concentrations ranged from 0.56 pg/m 3 to 1.39 pg/m 3 (mean 0.97 pg/m 3 ). The nicotine to 
3-EP ratios were relatively consistent, ranging from 1.3:1 to 2.5:1. Despite the consistent ratio, 
the regression analysis showed a weak positive correlation between nicotine and 3-EP (r 2 = 0.03). 

Personal exposures to TVOC's in Building F were consistent for 10 of the 12 subjects, ranging 
from 13.0 pg/m 3 to 67.6 pg/m 3 . Higher TVOC concentrations were determined for two subjects: 
F-4 (352.3 pg/m 3 ) and F-12 (105.3 pg/m 3 ). Gas chromatographic analysis identified higher 
molecular weight compounds in all samples, particularly terpenes. A primary source of terpenes 

i 

is paint. During the personal monitoring periods, renovations including painting were taking 
place in the former staff cafeteria in the basement. 

While measured TVOC concentrations were slightly elevated for two subjects, the absolute 
levels do not represent a concern for health and comfort. TVOC levels for all subjects except F-4 
were below the 0.2 pg/m 3 "no effect” threshold suggest by Molhave (1986). The TVOC 
exposure level for subject F-4 (0.32 pg/m 3 ) was at the low end of the "threshold for sensory 
perception", but far below levels of concern for discomfort and ill-health. 
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4.3.3. Salivary Cotinine 

Cotinine levels determined from saliva samples provided by the twelve personal exposure 
monitoring subjects in Building F were consistently low, ranging from <1.0 ng/mL to 4.5 ng/mL. 

As research has suggested a "cut off' point for salivary cotinine to classify non-smokers and 
smokers as between 20 ng/mL and 100 ng/mL, the results from Building F clearly verify the non¬ 
smoking status of all subjects. 

Regression analysis did not show a high degree of correlation between salivary cotinine levels 
and the measured concentrations of vapor-phase or particle-phase constituents of ETS. The poor 
correlation was also observed in the personal monitoring in Building E. 


4.3.4 Smoking Frequency Reported 



The mean smoking frequency in Building F estimated from the subjects’ activity logs was 1.5 
cigarettes/hour, with a range from 0 to 3.2 cigarettes/hour over the two days of monitoring. The 
smoking frequency of 1.5 cigarettes/hour is slightly higher than the average of 1.31 
cigarettes/hour reported in the 1992 National Health Interview Survey (U.S. NCHS, 1992). 


Regression analysis of the smoking frequency versus the tracers of ETS exposure showed weak 
correlation between the variables, as was also shown for Building E. The r 2 for smoking 
frequency versus UVPM, FPM, solanesol, 3-EP and cotinine were all less than 0.06. The r 2 
coefficients for cigarettes/hour against RSP and 3-EP showed a higher positive correlation (r 2 of 
0.35 and 0.29). 


4.4 FIXED LOCATION MONITORING: BUILDING F 

Table Nine presents the results from the fixed location monitoring in Building F. The top part of 
the table shows the daily results from the four indoor sampling locations (A through D) and the 
outdoor site. The lower portion of the table presents mean data for each of the four indoor sites 
separately and combined, and mean outdoor data. 

The results of the linear regression analyses to evaluate the statistical association between the 
variables determined in the fixed location monitoring are presented in Appendix Five. 


4.4.1 Particle-Phase Constituents 


Total RSP concentrations at the four monitoring locations ranged form <12.5 pg/m 3 to 34.7 p 
g/m 3 (mean 19.9 pg/m 3 ). In comparison, outdoor RSP levels ranged from 14.4 pg/m 3 to 22.3 
pg/m 3 , with a mean concentration of 19.4 pg/m 3 . The RSP data from Building F are towards the 
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TABLE 9 

FIXED LOCATION MONITORING RESULTS: BUILDING F 



PARTICULATE FRACTION 

GASEOUS FRACTION 

Total RSP 

(ug/m3) 

UVPM 

(ug/m3) 

FPM 

(uq/m3) 

Solanesol 

(ug/m3) 

Nicotine 

.(yg/m.3). 

3-EP 

(ug/m3) 

7VOC 
. (ug/m3) 

—^-—- - --l 

Date 

Site 

April 12 

A 

<12.5 

<2.4 

<0.4 

<0.06 

2.14 

0.83 

454.3 

April 12 

B 

30.5 

9.75 

11.36 

0.37 

2.28 

1.16 

99.1 

April 12 

OUT 

22.3 

<2.4 

<0.4 

<0.06 

1 —l 

— 

31.7 

April 13 

C 

28.7 

13.18 

12.84 

0.24 

1.55 

1.02 

327.0 

April 13 

D 

16.8 

<2.4 

<0.4 

<0.06 

1.48 

0.96 

82.4 

April 13 

OUT 

20.1 

<2.4 

<0.4 

<0,06 

— 

— 

17.0 

April 14 

A 

<12.5 

<2.4 

<0.4 

<0.06 

1.78 

0.71 

218.7 

April 14 

B 

13.1 

<2.4 

<0.4 

<0.06 

2.43 

1.06 

113.7 

April 14 

OUT 

14.4 

<2.4 

<0.4 

<0.06 

— 

— 

5.6 

April 15 

C 

23.2 

<2.4 

<0.4 

<0.06 

1.77 

1.06 

358.1 

April 15 

D 

34.7 

<2.4 

<0.4 

<0.06 

0.68 

1.00 

<1.3 

| April 15 

OUT 

20.7 

<2.4 

<0.4 

<0.06 

— 


4.0 


SUMMARY STATISTICS 



When levels are reported as less than the detection limit, the detection limit is used 


for the purpose of calculating the mean value 
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Source: httpsj'Avv/w.industrydocuments.ucst.edu/'docs/'hkbjOOOO 
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lower end of the range of levels reported in other fixed location monitoring in office buildings in 
which smoking is permitted. 

The results from the three analyses to estimate the proportion of ETS-related particular matter 
from the total RSP were inconsistent with the findings from the personal exposure monitoring in 
both study buildings and the fixed monitoring in Building E. For six of the eight data sets, 
UVPM, FPM and solanesol concentrations were less than the detection limits for the respective 
analytical methods. 


While variability,in measured concentration was evident in the other data sets gathered from the 
Richmond study buildings, and inherent variability has been observed by the researchers who 
originally developed the analytical procedures (Conner et al, 1990; Ogden and Maiolo, 1992), the 
UVPM, FPM and solanesol results from the fixed location monitoring in Building F appear 
implausible, given that (a) smoking was taking place in the study areas; (b) ETS-constituents 
were clearly quantified in the vapor-phase; and (c) particle-phase tracers were quantified in the 
personal monitoring. 

The reason for the anomalous "cluster" of non-detectable levels is not certain. The samples for 
the Building F fixed location monitoring were collected and transported to the analytical 
laboratories in an identical manner to other collected samples from the study building. Similarly, 
the analytical procedures used for the collected samples were identical. Follow-up review with 
the laboratories did not identify analytical problems associated with the subset of samples 

I 

collected in the fixed location monitoring in Building F. 


4.4.2 Vapor-Phase Constituents 


In contrast to the anomalous results from the analysis of particle-phase tracers of ETS exposure, 
the results from the vapor-phase measurements were consistent with the findings from (a) the 
personal exposure monitoring in Building F; (b) the personal and fixed location monitoring in 
Building E; and (c) measured concentrations in other office buildings in which smoking is 
permitted. 


Nicotine concentrations at the four fixed monitoring locations ranged from 0.68 pg/m 3 to 2.43 
pg/m 3 , with a combined mean for all sites of 1.76 pg/m 3 . Similar to the personal monitoring 
data, an inconsistent RSP:nicotine ratio was observed, ranging from approximately 5:1 to 51:1. 
Regression analysis showed a weak correlation between nicotine and RSP (r 2 = 0.29). 

3-EP concentrations were generally consistent at all four monitoring locations ranging from 0.71 
pg/m 3 to 1.16 pg/m 3 (mean 0.98 pg/m 3 ). As observed in the other data sets from the study 
building, the nicotine:3-EP ratio constantly ranged between 1.5:1 to 3:1, with one exception. 
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At side D on April 15th, the measured 3-EP concentration (1.0 pg/m 3 ) was higher than the 
corresponding nicotine level (0.68 ug/m 3 ). The occurrence of this anomaly when nicotine 
concentrations are quantified marginally above the limit of analytical detection was also 
observed in the personal monitoring data set in Building E, and has previously been identified by 
other ETS-related field monitoring conducted in Seattle and Dallas by TDSA Ltd. (1994). 

TVOC concentrations varied widely between the fixed monitoring locations, ranging from <1.3 
pg/m 3 to 454.3 pg/m 3 (mean 206.7 pg/m 3 ). Indoor TVOC levels were nearly an order of 
magnitude higher than outdoor levels, which ranged from 4.0 pg/m 3 to 31.7 pg/m 3 (mean 14.6 
pg/m 3 ). Chromatropic analysis identified similar compounds in most samples, with a presence 
of compounds common in paints such as toluene and terpenes. Building renovations including 
painting were taking place in the basement of Building F at the time of monitoring. 



4.4.3 Other Air Qualify and Thermal Comfort Measurements 


The results from the continuous monitoring of CO 2 , temperature, relative humidity and CO at 
the indoor fixed monitoring location sites and the outdoor site from April 12th through 15th are 
presented in Appendix Six. 

Carbon dioxide concentrations varied between the different days of monitoring, as a function of 
variable ventilation rates. At the three fixed monitoring locations on the second floor (sites B, C, 

and D) CO 2 concentrations were lower during the working day on April 13th (600 to 700 ppm) 

+ 

than on April 14th (700 to 850 ppm). The higher CO 2 concentrations on April 14th correspond 
with lower outside air ventilation rates determined in the HVAC performance assessment (see 
Section 4.2.2 and Table Eight). 

Similar variations in CO 2 concentrations was not observed in site A on the first floor, despite 
lower measured ventilation rates. CO 2 concentrations at site A ranged from 500 to 600 ppm 
during both working days. 

Despite the daily variations in CO 2 concentrations, the overall results confirm the conclusions of 
the HVAC assessment that the volumes of outside air supplied to Building F are in accordance 
with ASHRAE Standard 62-1989. The minimum ventilation rates described in ASHRAJE 
Standard 62-1989 are based on the control of indoor CO 2 to less than 1000 ppm. 

The results of the temperature and relative humidity monitoring indicate that the HVAC systems 
serving Building F were also providing acceptable thermal conditions for occupant comfort, 
based on acceptability criteria described in ASHRAE Standard 55-1992. 

Temperature levels at all sites ranged from 73°F and 77°F during normal working hours. In 
comparison outdoor levels during working hours ranged from approximately 65°F to 80°F. 



tsS 
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ASHRAE Standard 55-1992 describes an acceptable temperature range of 73°F and 79°F at 50% 
relative humidity for summer conditions. Temperature levels in Building F were within this 
comfort range. 

Relative humidity levels throughout Building F consistently ranged from 35% to 50% during 
occupied hours. In comparison, outdoor humidity levels ranged form 40% to 80%. ASHRAE 
Standard 55-1992 describes an acceptable comfort range for relative humidity of 20% to 60%. 
Humidity levels in Building F were consistent within this comfort range. 

The results from the CO monitoring in Building F were similar to those found in Building E. 
Both indoor and outdoor CO concentrations were consistently at or below the 2.5 ppm resolution 
level for the analytical instrument. 


4.5 COMPARISON OF THE PERSONAL AND FIXED LOCATION MONITORING 


Table Ten compares the results from the personal monitoring and fixed location monitoring in 

Building F. Comparison of the mean and median values indicates less consistency than the 

results in Building E, especially in the measurement of the particle-phase tracers of ETS 

/ 

exposure. 


Total RSP concentrations were substantially higher in the personal monitoring (mean 35.0 p 
g/m 3 ) compared to the fixed location monitoring (mean 21.5 pg/m 3 ). The results of the analyses 
to estimate the proportion of ETS-related particulates from the total RSP mass were inconsistent. 
The estimates of ETS-related particle concentrations provided by the UVPM, FPM, and 
solanesol in the personal exposure monitoring were generally consistent with the results from 
Building E. However, the analysis from the fixed monitoring location were dissimilar, with 
measured levels below the detection limit at six of the eight monitoring locations. 

a 

In contrast to the differences between the particle-phase constituents, the vapor-phase indicators 
of ETS exposure in Building F were measured at nearly identical levels in the personal and fixed 
location monitoring. Mean nicotine concentrations were 1.82 pg/m 3 and 1.76 pg/m 3 
respectively, and mean 3-EP levels were 0.97 pg/m 3 and 0.98 pg/m 3 . 


The trends in TVOC measurements in Building F were similar to those found in Building E. 
Measured concentrations at the fixed monitoring locations were significantly higher (mean 206.7 
pg/m 3 ) than those obtained in the personal monitoring (mean 68.6 pg/m 3 ). This observed 
difference appears to relate to different collection efficiencies for the sampling procedures, with 
passive sampling used for the personal monitoring, and active sampling used at the fixed 
monitoring locations. 
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TABLE 10 

COMPARISON OF RESULTS FROM PERSONAL & FIXED LOCATION MONITORING 
BUILDING F 



PARTICULATE FRACTION 

GASEOUS FRACTION 

Saliva 

Cotinine 

(ng/mL) 

Smoking 
Frequency 
(# cigs/hr) 

li| 


FPM 

(ug/m3) 

Solanesol 

0 ^ 

(ug/m3) 



TVOC 

(ug/m3) 

Date 

Site 

PERSONAL 








4 



April 13th 

Mean 

30.1 

25.19 

14.75 

0.32 

1.79 

0.95 

76.3 

2.3 

1.0 


Median 

32.3 

24.16 

14.45 

0.28 

1.74 

0.90 

23.0 

<1.0 

• 

0.7 

April 14th 

Mean 

41.9 

21.72 

15.54 

0.45 

1.85 

1.00 

57.7 

20.2 

2.1 


Median 

45.6 

18.69 

14.35 

0.44 

1.82 

0.96 

48.9 

1.3 

2.2 

Combined 

Mean 

35.0 

23.74 

15.08 

0.37 

1.82 

0.97 

68.6 

11.2 

1.5 


Median 

35.3 

21.56 

14.45 

0.42 

1.74 

0.96 

46.0 

1.1 

1.2 

AREA 











Means 

A 

<12.5 

<2.4 

<0.4 

<0.06 

1.96 

0.77 

336.5 




B 

21.8 

6.08 

5.88 

0.22 

2.36 

1.11 

106.4 




C 

26.0 

7.79 

6.62 

0.15 

1.66 


342.6 




D 

25.8 

<2.4 

<0.4 

<0.06 

1.08 


41.2 



Combined 

Mean 

21.5 

4.67 

3.33 

0.12 

1.76 

0.98 

206.7 




Median 

20.0 

<2.4 

<0.4 

<0.06 

1.78 

1.01 

166.2 



Outdoor 

Mean 

19.4 

<2.4 

<0.4 

<0.06 

— 

— 

14.6 




Median 

20.4 

<2.4 

<0.4 

<0.06 

™ ^ ** 


11.3 








Source: https://vvww.induslrydocuments.ucsf.edU/c 













51 



4.6 CONCLUSIONS: BUILDING F 

The conclusions from the ETS-exposure monitoring and HVAC assessment conducted in 
Building F concur with the findings from the other study building in Richmond. ETS levels may 
be effectively controlled to low concentrations in a building ventilated in accordance with current 
North American Ventilation standards under "typical" smoking conditions. 

The total building HVAC assessment and the performance assessments at the fixed monitoring 
locations showed variable outside air ventilation rates during the period of measurement, as 
would be expected in a building served by variable air volume HVAC systems. Outside air 
ventilation rates were either in accordance with, or marginally below, the 20 cfrn/occupant 
requirement for office space. 

Smoking practices in Building F, in terms of the number of smokers ( 22 . 0 %) and smoking rate 
(1.5 cigarettes/hour) were similar to average conditions reported for U.S. office workplaces in the 
1992 National Health Interview Survey. Smoking practices in Building F were also consistent 
with conditions of "moderate" smoking, defined as 27% smokers with a smoking rate of 1.25 
cigarettes/hour (ASHRAE, 1991). 

Given the acceptable ventilation conditions and representative smoking conditions, the results 
show that non-smoking occupant exposure to ETS in Building F was effectively controlled to 
low concentrations. The measured levels of the ETS exposure indicators were typical of other 
properly ventilated office buildings in which smoking is permitted. 


5.0 DISCUSSION AND DIRECTIONS FOR FUTURE RESEARCH 

Five principle research objectives were defined for the pilot research project conducted in the 
two study buildings in Richmond: 

• Develop and test a research protocol designed to assess non-smokers' exposure to ETS in 

the workplace through personal monitoring. 

• Compare the personal exposure data with results obtained from fixed location 

measurements of ETS. 

• Obtain "real world" ETS exposure information in office buildings in which smoking is 

> 

not restricted. 

• Obtain "real world" data assessing the performance of the heating, ventilation and air 

conditioning (HVAC) systems serving the study buildings. 

• Relate occupant exposure to ETS to the performance of the HVAC systems. 
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The implications of the research findings relevant to each of these objectives are discussed in 
turn. 

Objective One: Development and Testing of a Research Protocol for Personal Monitoring 

The research methods used to assess non-smokers' workplace personal exposure to ETS in the 
two study buildings were, for the most part, successful and effective in characterizing non- 
smokers exposure to ETS in the workplace. Based on the field experience gained in this pilot 
study in two buildings, it would appear that a similar research methodology could be applied to a 
larger scale research investigation of multiple buildings. 

The approach used to assess non-smokers' exposure to ETS in the two smoking permitted study 
buildings would be equally applicable for the determination of non-smoker exposure under other 
workplace smoking conditions, such as restriction of smoking to designated areas, physically 
separated from the non-smoking workplace. The limits of analytical detection achieved through 
extended sampling periods (i.e. from 6 to 8 hours) allows the detection and quantification of 
trace levels of the various indicators of particle-phase and vapor-phase exposure to ETS. 

If a similar research protocol were to be applied to a larger scale, multi-building investigation, 
several observations are relevant: . 

a. The sampling procedures for the personal monitoring, requiring attachment of sampling 

pumps and other apparatus to individuals, are obtrusive and inconvenient for the subjects, 
in contrast to the non-obtrusive methods employed in fixed location monitoring in which 
a briefcase remains at one location for the sampling period. While the personal 
monitoring subjects in the two study buildings were most cooperative, several individuals 
reported excessive fatigue at the end of the sampling period. 

b. In this pilot research, the personal monitoring subjects activity log was primarily used to 

trace an individual's work activities and self-reported exposure to ETS from the number 
of cigarettes smoking within their vicinity. No information was obtained regarding 
demographic and job-related characteristics of the subjects with the exception of the 
subject sex. In future personal monitoring research, collection of other demographic 
information, such as age and job type (i.e. manager, clerical, etc.) might facilitate data 
analysis focusing on variations in personal exposure related to demographic differences. 

c. The results from the pilot study suggest that all quality control/quality assurance 

procedures employed by the accredited laboratories used to analyze the collected samples 
should be monitored and verified. This observation is primarily based on the anomalous 
results from the analysis of the particle-phase indicators of ETS exposure from the fixed 
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location monitoring in Building F. Follow-up investigation and meetings with the 
laboratory did not identify the source of the anomaly as analytical error at the laboratory. 
However, in future research, TDSA Ltd. plans to closely scrutinize all analytical 
procedures, including the presence of a TDSA Ltd. researcher in the laboratory to monitor 
the handling of samples and the performance of analytical procedures. 

Objective Two: Comparison of Results from Personal Exposure and Fixed Location 

Monitoring 

Research on non-smokers' exposure to ETS in offices and other workplaces has rarely been 
conducted through personal monitoring. ETS exposure has predominantly been assessed through 
fixed location monitoring, due to the non-obtrusive methods creating minimal disruptions to 
normal workplace activities. However, a question may be posed as to whether fixed monitoring 
data are representative of an individual non-smoker's exposure to ETS? Comparison of the 
personal and fixed location data in the study buildings provides some insight into this question. 

The results from Building E show general agreement in the measured exposure to particle-phase 
and vapor-phase constituents of ETS in the personal and fixed location monitoring. For Building 

f 

F, the results of the vapor-phase analyses (nicotine and 3-EP) also showed similar concentrations 
determined in both the personal and fixed location monitoring. However, the particle-phase 
indicators were dissimilar, due to the "cluster" of non-detected levels from the fixed monitoring 
locations. 

Despite this anomaly, the overall results from the two study buildings indicate that fixed location 
monitoring (which as previously noted, has been the method predominantly used by other 
researchers to assess non-smokers' exposure to ETS) provides a close approximation to 

individual's exposure to ETS, as determined through personal monitoring. 

\ 

Objective Three: Obtain "Real World" ETS Exposure Data 

The research findings from the two study buildings in Richmond add to the growing archive of 
objective data from the measurement of ETS-related constituents in office buildings and other 
workplaces under different smoking configurations. However, most other research data has been 
primarily from fixed location monitoring. 

In general, the measured concentrations of the vapor-phase and particle-phase indicators of ETS 
exposure are consistent with the levels reported in the research literature. The most widely 
measured indicators of ETS exposure from the literature have been total RSP and nicotine 
(Guerin et al, 1993). In office environments in which smoking is permitted, total RSP 
concentrations have typically been reported between 20 pg/m 3 and 50 pg/m 3 , and reported 
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nicotine concentrations have generally ranged between 1 pg/m 3 and 5 pg/m 3 . The results from 
both the personal and fixed location monitoring concur with these reported research findings. 

Other researchers have suggested a consistent ratio between measured RSP and nicotine 
concentrations, and have applied this consistent ratio to predict nicotine from reported RSP 
concentrations (Repace and Lowrey, 1993). The results from the two study buildings in 
Richmond question the conclusion of a consistent ratio between nicotine and RSP levels. Within 
the overall data set, RSP:nicotine ratios varied from approximately 4:1 to 75:1. Linear 
regression analyses also showed weak correlation between RSP and nicotine levels. 

Limited "real world" data have been reported in the research literature for (a) the three methods 
to estimate the contribution of ETS to the total RSP mass (UVPM, FPM and solanesol); or (b) 
the use of 3-EP as a tracer for exposure to vapor-phase constituents of ETS. The research in 
Richmond and a recently completed project in Seattle and Dallas (TDSA Ltd., 1994) represent 
some of the first 3-EP monitoring under field (i.e. non-experimental) conditions. To date, most 
of the 3-EP concentrations reported in the research literature have been obtained under controlled 
laboratory chamber conditions. 

The UVPM, FPM and solanesol analyses show a high degree of variability associated with the 
analytical methods. In general, the highest estimates of the proportions of total RSP associated 
with ETS were obtained from the UVPM analysis. Lower (and less variable) estimates were 

ft 

obtained from the FPM and solanesol analyses. In general, the results are consistent with the 
conclusions form experimental chamber research that UVPM concentrations tend to be higher 
than FPM levels, and that both FPM and solanesol may provide a better estimate of ETS-related 
particulates than UVPM (Ogden et al, 1990). 

a 

The results from the 3-EP measurements show a relatively consistent association between 3-EP 
and nicotine, with measured nicotine 3-EP ratios ranging between 2:1 and 5:1, with one general 
exception. When nicotine concentrations are marginally above analytical detection limits (i.e., 
less than 1 pg/m 3 ), corresponding 3-EP concentrations are determined to be higher than the 
nicotine level. This anomaly was also observed in previous field research in Seattle and Dallas 
(TDSA Ltd., 1994)! 

Objective Four: Obtain "Real World" HVAC Performance Data 

The research methodology to determine performance of the HVAC systems serving the study 
building used techniques primarily used for the test and balance of both new and existing HVAC 
systems. This approach was particularly effective in quantifying total supply air, return air and 
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outside air volumes delivered by each air handling system, and determining the total volumes of 
air being supplied at the diffuser level to specific locations within a building. 

HVAC industry practice, as presented in ASHRAE Standard 62-1989, expresses ventilation 
requirements on a person by person basis, and assumes a high ventilation effectiveness in a 
space. Consequently, in order to compare the ventilation data obtained using test and balance 
techniques with North American standards, estimates or observations of (a) occupancy and (b) 
ventilation effectiveness are required. 

The estimated maximum occupancy from ASHRAE Standard 62-1989 was used to provide a 
gross estimate of the total designed building occupancy, assuming an occupancy of 7 
persons/1000 ft 2 . While this assumed occupant density appeared to provide an appropriate gross 
estimate, this approach could be further refined in future research through more detailed space 
analysis to account for different uses, such as meeting rooms, reception areas, lounges and 
computer rooms, which have higher maximum occupancy criteria. 

Observed population was used to characterize the occupancy at the fixed monitoring locations 
within the space. The results from the localized HVAC performance assessments indicate that 
this method was valid, as in general, the outside air ventilation rates determined for the fixed 
monitoring locations within each study building were consistent with the ventilation rates 
determined at the corresponding AHU from the total building assessment. 

The best judgment of a vastly experienced mechanical consultant was used to estimate 
ventilation effectiveness. This approach provides a practical and cost effective method widely 
accepted in the HVAC industry, given the current absence of a standardized and verified test 
method to quantify ventilation effectiveness. However, in future research, an objective method, 
such as is currently in public review from ASHRAE Standard Project Committee 129P could be 
tested under "real world" conditions. 


Objective Five: Relate ETS Exposure to HVAC System Performance 


The total building and fixed location HVAC performance assessments conducted in both study 
buildings showed that the HVAC systems were providing outside air to the occupied space at 
ventilation rates either in accordance with, or slightly below, the 20 cfm/occupant requirement 
described in ASHRAE Standard 62-1989. 

Data regarding smoking practices obtained from the procedures used to identify personal 
monitoring subjects and from the subjects activity logs estimate that smoking conditions in both 
study buildings were consistent with "average" conditions in U.S. office workplaces (U.S. 
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NCHS, 1992) and were representative of "moderate" amounts of smoking, as defined by 
ASHRAE (ASHRAE, 1991). 

Given these two conclusions, the ETS-exposure data from the two study buildings provides an 
important case study of non-smokers' exposure to ETS in an office environment with "moderate" 
smoking, under ventilation conditions which should provide "acceptable indoor air quality" 
according to current ventilation standards. 

The results from both the personal monitoring and fixed location monitoring to tracers of ETS- 
exposure in the two study buildings suggest that ETS levels are effectively controlled to low 
concentrations in "real world" buildings, ventilated in accordance with ASHRAE Standards. 
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Passive Smoking at Work* 


Annetta Weber and Toni Fischer 

Instiiu! fur Hygiene und Arbeitsphysiologie, Eidgenossische Technische Hochschule Zurich, 
CH-8092 Zurich, Switzerland 


Summary. Air pollution due to tobacco smoke and its effects on employees 
were investigated in 44 workrooms. For this purpose, the concentrations of 
CO. NO. NO:, nicotine, and particulate matter were determined, and 472 
employees were interviewed about annoyance and irritations. 

The mean values of the concentrations of the components due to tobacco 
smoke are: CO =1.1 ppm, NO = 32ppb, NO: = 24 ppb, nicotine = 0.9pg/m\ 
particulate matter = 133pg/m\ One third of the measured CO values exceeds 
a critical threshold of 2 ppm CO due to tobacco smoke. 

One quarter of the persons reports eye irritations at work. One third of the 
employees qualifies the air with regard to smoke at the workplace as bad. 
Forty percent of the interviewed persons arc disturbed by smoke. The 
majority of the employees is in favor of a separation into smoking and non¬ 
smoking rooms. This seems to be the most appropriate preventive measure for 
the protection of nonsmokers at work. 

Key words: Passive smoking - Carbon monoxide - Nitrogen oxides - Nicotine 
- Particulate matter - Irritations - Annoyance 


Over the last few years, the question has been raised more and more frequently of 
whether passive smoking—the involuntary inhalation of tobacco smoke by non- 
smokers—can adversely affect one’s well-being or even one’s health. 

Unfortunately, almost no epidemiologic studies relating to passive smoking 
are in existence. Nevertheless, several investigations have indicated that passive 
smoking can be a hazard to health: 

In the case of ill people (asthmatics, people with certain allergies, and other¬ 
wise sensitive people), passive smoking can aggravate the illness [2,14,20]. 

Children of parents who smoke are more susceptible—especially in the first 
years of their lives—to diseases of the respiratory tracts [4-6,9-11]. 

* Supported by the Swiss National Science Foundation, grant no. 3.912-0.78 
Offprint requests to: Annctia Weber, MD (address see above) 
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In general, nonsmokers may be appreciably annoyed by the smoke, and suffer 
from irritations of the eyes and respiratory’ tracts [1,7,13.17.18]. 

The problem of passive smoking is of particular relevance on fhe job: An 
. employee stays at his workplace over years for 8h a day. where he is—in certain 
cases involuntarily—exposed to the tobacco smoke of his colleagues. The topic 
“passive smoking at work" has been investigated by several authors: 

A recent study by White and Froeb [19] on the effects of long-term passive 
smoking showed that nonsmokers chronically exposed to tobacco smoke at work 
had a reduced respiratory function (lower forced mid-expiratory flow rate) than 
nonsmokers not exposed. Values in passive smokers were not significantly differ¬ 
ent from those in light smokers and smokers who did not inhale. The authors 
conclude that chronic exposure to tobacco smoke in the environment is dele¬ 
terious to the nonsmokers and significantly reduces small air-wavs function. 
However. \vc do not yet know to what extent the measured restriction of the lung 
function represents an injury to heal ill. 

According to Klosterkotter and Gono [8], passive inhalation of tobacco 
smoke does not lead to an increased risk with regard to the so-called smoker 
diseases (cardiovascular diseases, cancers, arteriosclerosis, and chronica! bron¬ 
chitis). On the other hand, irritations must be avoided: the authors suggest an 
appropriate room ventilation for that purpose. 

Valentin et al. [16] came to a similar conclusion: In their opinion the meas¬ 
ured concentrations of the particulate matter, carbon monoxide, nicotine, and 
aldehydes exclude most probably the possibility of an injury to health by passive 
smoking on the job—as long as the existing labor laws CArbeitsplatzverord- 
nungen") are respected. They request particular attention for the workplace 
problem in night clubs, restaurants, and discotheques. 

On the other hand. Schmid [12] concludes—based on the concentration of 
cancerogenic nitrosamines in the sidestream smoke—that passive smoking is to 
be considered not only as an annoyance, but as a clear injury to health. Therefore, 
he demands prohibition of smoking at work. 


Szadkowski et al. [15] carried out carbon monoxide measurements in offices 
as w'ell as carboxvhemoglobin measurements in employees. The average carboxy- 
hemoglobin value in passive smokers as well as in the nonsmokers decreased 
during the day. The authors conclude that passive smokers in comparison to 
nonsmokers were not subjected to any extra carbon monoxide effects. 


A Canadian investigation on more than 1,000 citizens [13] showed that 75^ 
of the nonsmokers are annoyed by tobacco smoke in restaurants, and 53rf in 
offices. In another study with 2.100 employees. Barad [3] found that ncarh one 
fourth of the nonsmokers react to smoke exposure with frustration and hostility. 

Furthermore, several labor court procedures, which have been initiated in the 
Federal Republic of Germany because of involuntary smoking, show the pressing 
importance of passive smoking at work at the present time. Whereas active 
smokers refer to their right of deployment of their own personality, nonsmokers 
claim the right of physical and psychic integrity. These two rights, which make 
part of the German Constitution, come into collision w r ith one another particular¬ 
ly at the workplace, as an employee may hardly evade disturbing tobacco smoke. 
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Procedures and Methods 


The aim of the present study, carried out from October 1979 til! May 1980. was to determine the 
degree and effects of air pollution due to tobacco smoke at work. For that purpose, we meas¬ 
ured in 44 workrooms in and around Zurich (Switzerland) the concentrations of carbon 
monoxide (CO), nitrogen oxides (NO and NO;), the particulate matter (PM), and nicotine. At 
the same time. 472 employees working in 41 of the 44 rooms were interviewed on amunance and 
irritations due tit tobacco smoke as well as on their opinion about the problem of passive 
smoking. Each of the 472 employees was mteniewed individually during 10 to 15 nun. 

t • 

II brk rooms 

The w orkrooms, belonging to seven different companies, included offices, rooms for design, for 
microscope work, for classification, and for VDU operators, as well as conference rooms. Ten 
rooms had air-conditioned ventilation with locked windows, 14 rooms also had air-conditioning 
but with tlie possibility of opening the windows, and 20 rooms had only window ventilation. 
The smoking behavior at work was settled as follows: In 32 rooms, everybody was free to smoke 
as much as he/she wanted; in seven rooms, smokers reduced smoking it desired by nonsmokers; 
in one room, smokers abstained from smoking if desired by nonsmokers; and in one room, there 
was a partial (some hours a du>) prohibition of smoking. 

The choice of companies and rooms was mainly determined by information on the possi¬ 
bility of doing the survey; thus the companies were not chosen randomly. 


Interview vif Employ m 

Thirty-four percent of the persons were women and 66 c ,7 men, 399J nonsmokers, II f ,7 ex¬ 
smokers. and $0' < smokers. Age distribution was as follows: 3*4 undtT 20 years, 34 f 7 between 
2U and 30. 29'< between 30 and 40, 18 f ? between 40 and 50, 14 r 7 between 50 and 60, and 2 r 7 
over 60. 


Chcmic ul Analysis 


Air samples were collected indoors and outdoors in 40-1 Teflon bags in periods of 1 h (1-h mean 
value), and analyzed in a mobile laboratory. The CO concentration was determined by a Philips 
Monitor PW9775 (coulometric titration); NO and NO; were measured with the chemiluminis- 
cenee apparatus of Thermo Electron Corp. (Model 14 D). The concentration of the particulate 
matter (panicle size 0.01-10pm) was measured *bv the TSI Particle Mass Monitor 3205: The 
charged particles are eliminated in a high voltage field on a piezoelectrical quartz crystal, and 
ihc frequency change of the oscillating quanz is determined. Based on 30 successive 2-min 
measuring intervals, we calculated a l-h mean value. 

Nicotine was collected by passing the smoky air (17.61/min) through a Cambridge filter 
(diameter 44 mm)—because of the small concentrations over 3-h periods—and extracted with a 
solution mixture of diethyl ether/methylene chloride (1:1) making use of an ultrasonic bath. 
For the quantitative determination we used a high resolution gas chromatographic procedure 
involving a 20-m long Carbowax glass capillary column (inside diameter 0.29mm). All 
separations were run isothermallv on an all-glass gas chromatograph Mode! G1 from Carlo 
Erba. Milano (Italy). The integration of the peak areas was carried out by the data system 
Varian CDS NIC. 

In each room we analyzed 12 samples during 2 days. Simultaneously with the indoor 
measurements we determined the outdoor concentrations of CO, NO, and NO; to control to 
some extent the possible influence of outdoor air pollution on indoor air pollution. The differ¬ 
ence value* />(/) = indoor concentration minus outdoor concentration) represent approximate¬ 
ly the portion of the air pollution inside of the room. 

Early in the morning between 4 and 6 a.m. we made a control measurement to examine the 
pollutant concentrations of the unoccupied room. The difference values A (A = indoor concen¬ 
tration in the occupied room minus indoor concentration in the unoccupied room) give 
information about the influence of smoking on the air quality. (In the rooms occupied day and 
night the control values are missing.) 
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Question 

Air quality 
with regard 
to smoke 


Answer 


good 

mediocre 

bad 


Interviewed persons 

I-1-1-1 

0 20 40 60% 





Disturbed 
by smoke 


never 

seldom 

sometimes 

often 



Eye 

irritations 
at work 


never 

seldom 

sometimes 

often 



Fig. 1. Evaluation of air quality 
and effects due to tobacco 
smoke at the present workplace. 
Results of 472 employees 


Question 


In favour of 
separation 
into S/NS 
rooms 


Answer 

no 

yes 

does not know 


Interviewed persons 

l - 1 - 1-1 - 1 


0 20 40 60 80 




In favour 
prohibition 
of smoking 


no 

yes 

does not know 



Fig.2. Supporting presentive 
■measures to protect passive 
smokers at work. Results of 472 
empiosees. S = smoker. /VS = 
nonsmoker 


Place 

yes ) 

no ( ( 'f) 

Workplace 

62 

38 

Home 

63 

37 

Public means of transport 

58 

42 

Restaurants 

54 

46 


Table I. Answers to the question: 
“Docs smoke disturb >ou at 
work, at home, in public means 
of transport, in restaurants?" 


Number of employees = 472 



Or 


https://www.industrydocuments.ucsf.edu/do 



213 



# 

i 


Passive Smoking at Work 
Results 


Interview 


The main results of the interv iew of all 472 employees are reported in Figs. 1 and 2 
and Table I. From this, the following conclusions can be deduced: 

One third of the employees evaluates air quality with regard to smoke at the 
present workplace as “bad" (Fig. 1). 

Forty percent of the interviewed persons are disturbed at the present work¬ 
place by smoke (“sometimes" or “often") (Fig. I). 

One quarter of the persons indicates eye irritations at the present workplace 
(“sometimes" or “often") (Fig. 1). 

More than half of the employees is disturbed by smoky air at work as well as 
during leisure time (Table 1). 

A clear majority of the interviewed persons is in favor of a separation of 
workrooms in smoking and nonsmoking areas. Half of the employees even 
supports a general or partial (some hours a dav) prohibition of smoking at work 

(Fig. 2). 

The interview has furthermore revealed that in ten of 40 rooms conflicts 
because of smoking have arisen. 

The subdivision of the whole collective of employees into various groups gives 
the following results: 


Comparison "Smokers vs. Nonsmokers *! The results of the comparison between 
smokers (5(K7 ) and nonsmokers (500?) are represented in Figs. 3 and 4. 

Nonsmokers are more often disturbed by passive smoking and therefore more 
often favor preventive measures to protect passive smokers. Surprisingly, a fairly 
large number of smokers support such measures too, not only in the interest of 
their nonsmoking colleagues, but also in their own interest, viz., to smoke less. 


Comparison "With vs. Without Sensitive Eyes”. The separation of the employees 
into one group indicating sensitive eyes in general (409?), and another group for 
which this does not apply (60 f 7 ). gives the following results (Fig. 5): Persons with 
generally sensitive eyes more often have eye irritations at work and more often 
are disturbed by smoke. 

Comparison “With vs. Without liuyfever". The employees suffering from hayfever 
(99?) report significantly more eye irritations at work than those without hay- 
fever. 


Comparison "Allergic vs. Non-allergic Persons" (AH Allergies Except Hey/ever). 
The comparison of these two groups (99? allergic vs. 919? non-a!Jcrgic persons) 
shows no significantly different reactions to smoky air. 

Comparison "Air-conditioning vs. Window Ventilation ” Table 2 shows that the 
employees working in fully air-conditioned rooms qualify the air with regard to 
smoke significantly more often as “good" than the persons working in rooms with 
window ventilation only. They are also significantly less in favor of a separation 
into smoker and nonsmoker rooms (Table 7). 
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Question Answer 


Air quality good 
with regard 

to smoke 

bad 


Interviewed persons 

I-1-1-1-1 

0 20 40 60 80% 



Disturbed 
by smoke 


never 



sometimes 

often 


/ 


18 


356 



21 


^64 


0 



Eye 

irritations 

at work 
often 


never 


sometimes 

often 


/ 




f~I Nonsmokers + ex-smokers (N - 237) 
l~1 Smokers (N - 235) 

Fig. 3. Comparison of the answers of nonsmokers and smokers with regard to air quality and 
effects due*to tohacco smoke at the present workplace. Obe intermediate answers arc left out.) 

•• /><0.0! (r-test) 


Question Answer 


In favour of yes 
separation 
into S/NS 

no 

rooms 

does not 


Interviewed persons 

—I-1-1-1 

20 40 60 80% 


S 


know 



B! 


I 




In favour of 
prohibition 
of smoking 


yes 

no 

does not know 



I I Nonsmokers * ex-smokers {N - 237) 


CU Smokers (/V = 235) 

Fig. 4 . Comparison of the answers of nonsmokers and smokers with regard to preventive meas¬ 
ures to protect passive smokers at work 
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Question Answer 


Disturbed 
by smoke 


Interviewed persons 


5 2o 4 I 0 6b 


80% 



Eye 

irritations 
at work 



69 



m "with sensitive eyes" (N = 187) 
n "without sensitive eyes" (/V = 284) o 

Fig. 5. Comparison of the answers of persons with different eye sensitivity. (The intermediate 
answers are left out.) ** / J <0.01 (/‘-test) 


Table 2. Comparison of the answers of persons working in fully air-conditioned rooms vs. 
person> working in rooms with window ventilation only 



Evaluation of air quality with regard to smoke 


A' 

good (9? ) 

mediocre ( c /t ) 

bad (9c) 

Window ventilation 

250 

23 

42 

35 

Air-conditioning 

92 

50 

29 

21 


In favor of separation into S/NS rooms 



A' 

.yes (9 () 

no (%) 

do not 



t 


know (9£) 

Window* ventilation 

250 

75 

18 

7 

Air-conditioning 

90 

69 

28 

3 


A’ = number of persons per group (= 1009c); S = smoker, NS =■ nonsmoker 


Chemical Analysis 

The mean values of the concentrations of the measured pollutants are summar¬ 
ized in Table 3. 

Compared to the German threshold limit values for work places, MAK (mean 
concentration of a toxic substance in the air at work, so that an 8 h/day exposure 
over years does not affect health), all measured pollutant concentrations may be 
considered as tolerable. 

However, MAK values are toxicological threshold limit values, introduced to 
protect man at work from health injuries due to chemicals. We are of the opinion 
that the MAK value is not an adequate criterion to evaluate air pollution due to 
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Table 3. Air pollution in the workrooms. Mean values of all measurements, standard deviations, 
and maxima 



Unit 

N 

X 

s 

Maximum 

CO 

ppm 

490 

2.R 

1.6 

8.9 

NO 

ppb 

492 

84 

80 

450 

NO: 

ppb 

492 

60 

25 

200. 

PM 

Itg/m 1 

489 

170 

133 

1.130 

Nicotine 

pg/m‘ 

160 

1.1 

2.1 

16.0 

A CO 

ppm 

353 

t.l 

1.3 

6.5 

A NO 

ppb 

348 

32 

60 

280 

A NO: 

ppb 

354 

24 

22 

115 

A PM 

pg/m' 

429 

133 

130 

962 

A Nicotine 

pg/m' 

140 

0.9 

1.9 

13.8 

DC O 

ppm 

485 

0.8 

1.1 

6.2 

D NO 

ppb 

487 

22 

48 

320 


A-valucs = difference: indoor concentration minus control concentration (unoccupied room) 
/J-values = difference: indoor concentration minus outdoor concentration 
Maximum: I-h values for CO. NO. NO:. PM; 3-h value for nicotine 
A'ss number of air samples 


A CO range (ppm) 


< 0 

0 0.99 

1- 1.99 

2- 2.99 

3- 3.99 

> 4 


A CO values 


i I r 
0 10 20 


T 



327 



8 



1 


30 40°, 


J40 


Fig. 6. Distribution of 353 
measured A CO values < 1-h 
means). A CO = difference 
indoor concentration minus 
control concentration (un¬ 
occupied room) 




NO 

NO: 

PM 

Nicotine 

Table 4. Correlation coefficient* 
between the diffetent pollutant 

CO 

0.83 

0.75 

0.42 

0.39 

content rat ions (absolute values) 

NO 


0.76 

0.24 

0.45 


NO: 



0.24 

0.63 

Number of correlated pairs = 

PM 

• 



0.41 

490 for CO. NO. NO:. PM. 
and 158 for nicotine 
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Table 5. Correlation coefficients 
between different pollutant 
differences (A values = difference 
indoor concentration minus 
control concentration) 

Number of correlated pairs =■ 
345 for CO, NO. NO., PM. 
and 110 lor nicotine 


_-C0 (ppm) 


Air quality 

with regard 

to smoke "bad 
I r ''I'"*""I 1 
20 40% 


1.4 1-1 *18 

1.4 


e 


A NO 

A NO 

A PM 

A Nicotine 

A CO 0.73 

0.55 

0.33 

0.01 

A NO 

0.66 

0.12 

0.0! 

A NO. 


0.23 

0.36 

A PM 



0.39 

Disturbed by 

Eye irritations 


smoke "some¬ 

at work. 

"some- 


times.often" 

times"'' 

"often" 

N 

—r—>—i—< 

1 1 1 

—i—r“> 


0 20 40% 

0 20 40% 




1 6% 

181 

2 •• r "" 146 


ID 30 

182 


A 

^Nicotine 
<P9 rn ) 




A PM (figs m J ) 





• ♦ 




Fig. 7. Results of the survev related to rooms with low and high A CO. A nieotine, A PM levels. 
A = number of persons per group. * P< 0.05; •* /'cO.OJ (/ -lest) 



Table 6. Correlation coefficients between the mean pollutant concentrations in each room and 
the corresponding results of the interviews 



Air quality: 
“bud*' 

Disturbed: 

“sometimes*'/“often" 

Eye irritations: 
“sometimes**/” often** 

A CO 

0.10 

0.46** 

0.21 

A Nicotine 

0.22 

0.10 

-0.08 

A PM 

-0.02 

0.10 

0.08 


Number of correlated pairs = 35 

•• P<0.01 


tobacco smoke: MAK values do not take into consideration subjective annoy¬ 
ance; for passive smoking at work, not only injuries to health, but also prejudice 
to well-being should be taken into consideration. This is particularly justified 
since passive smoking is avoidable. 

f 

In an earlier paper [18], we considered 2-3 ppm CO as a critical range for air 
pollution due to tobacco smoke, based on the observed incidence of irritations 
and annoyance. Thereby, CO is used as an indicator for air pollution due to 
tobacco smoke which should not be increased by more than 2-3 ppm. 
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Tlic distribution of the A CO values (1-h mean values) measured in the present 
study is shown in Fig. 6.. 

Eighteen percent of the values exceed 2ppm, and 10% 3ppm. which means 
that the critical range is exceeded rather often. 


Correlations 

The Pearson correlation coefficients between the different pollutant concentra¬ 
tions (absolute values and A values) arc tabulated in Tables 4 and 5. 

Whereas we observe relatively good correlations between the gas phase 
components (CO, NO, NO;), the correlations with the particulate phase (PM. 
nicotine) are relatively low. The bad correlation with nicotine, especially with 
A nicotine, may partially be explained by the fact that most values are in the range 
of the lower detection limit of the gas chromatograph (between 0 and 1 pg/m*). 
Another reason for the low correlation may be the different behavior of gaseous 
and solid materials. 

The results of the interviews—divided into rooms with a low and a high A CO, 
A PM, and A nicotine level—are represented in Fig. 7. 

In the rooms w-ith high levels of A CO. A nicotine. A PM concentrations, more 
people evaluate air quality with regard to smoke as “bad” Analogous!), the 
percentage of people with eye irritations and disturbances is also increased. 
Hence, it follows that there is a relation between air pollution due to tobacco 
smoke (measured by the parameters A CO. A nicotine, and A PM) and the 
reported annoyance and eye irritations. Thus, the observed effects can be 
explained to some extent by air pollution due to tobacco smoke. 

On the other hand, if we take each room into consideration and calculate the 
correlations between the mean pollutant concentrations of each room and the 
reported effects, we obtain a very poor relationship. Tabic 6 shows the corre¬ 
sponding Pearson correlation coefficients. 

Finally, u>e analyzed the relationship between different criteria used for the 
evaluation of the effects of passive smoking. The Kendall rank correlation 
between the answers to air quality, disturbance and eye irritation turns out to be 
highly significant: 

air quality vs.disturbance r = 0.53 

air quality vs.eye irritations r = 0.28 
disturbance vs. eye irritations r= 0.40 


This means: Persons who qualify the air (with regard to smoke) as “bad.” are 
also more often disturbed bv smoke and more often suffer from eve irritations at 

w * 

work. 

Furthermore, we found that people who arc disturbed by smoky air at work 
arc also more often disturbed at home and in public means of transport, 17ic 
corresponding correlation coefficients t range between 0.24 and 0.61 (all 
P<0.01). 
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Table 7. Mean values of the measured pollutants in rooms with and without air-conditioning 



A 

CO 

NO 

NO: 

PM 

Nicotine 




. (ppm) 

(ppb) 

(ppb) 

(Mg/m 1 ) 

(gg/nf) 


Window ventilation 

227 

2.8 

82 

64 

202 

1.3 

r*- 

tl 

* 

Air-conditioning 

102 

2.0 

66 

49 

120 

0.1 

<A'« 31) 


A’ = number of air samples 


Discussion 

Is Passive Smoking at Work a Problem? 

To check whether passive smoking at work is a relevant problem, we determined 
in this field-study the degree of air pollution due to tobacco smoke and its effects 
on employees. The results give a clear answ er: Passive smoking at work cannot be 
neglected, since 

one quarter of the employees reports eye irritations, 

40 f ,l are disturbed by smoke, and 

nearly one third of the measured A CO values exceeds the critical value of air 
pollution due to tobacco smoke (2ppm). 

The comparison of our findings w ith those of White and Froeb f 19] leads to 
the assumption that the irritants of tobacco smoke at w'ork do not only affect the 
mucous membranes of the eyes, but also the small airways. 

With regard to the incidence of annoyance at work, the correspondence with 

. t 

other authors fJ.3, 14] is obvious. 

The question remains open of whether passive smoking is associated with a 
risk of health injury in the sense of classic smoker diseases. 


Preventive Measures 

This state of affairs leads to the conclusion that preventive measures to protect 
nonsmokers at work must be taken into consideration. 


One possibility, proposed again and again, is a better ventilation or air- 
conditioning of the rooms. As a matter of fact,.the concentrations of all measured 
ail pollutants are evidently lower in the rooms with full air-conditioning than in 
those with window' ventilation (Table 7). 

The interview also showed that in air-conditioned rooms air quality is 
evaluated as better than in rooms without air-conditioning (Table 2). 

Nevertheless, air-conditioning as a preventive measure is very questionable. 
Air-conditioning is most energy-consuming and therefore a burden to the 
environment as w'ell as to the vanishing energy reserves. 

A radical solution of the problem would be a prohibition of smoking at work. 
A prohibition by the hour can also be considered. In fact, in our study nearly 509f 
of the employees were in favor of a prohibition of smoking. 

Another less rigorous preventive measure to protect nonsmokers is the 
separation into smoker and nonsmoker rooms. Even though this measure will 
often meet w ith organisational difficulties, we are of the opinion that it is the best 
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solution. In fact, in our study 709r of the employees supported this procedure. 

A simple, but less effective, solution is to reach a “modus vivendi." in which 
on the one hand the smokers iimit their smoking, and on the other hand the 
nonsmokers take protective measures (arrangement of work places, opening of 
windows). 

Relationship Between Chemical Data and Reported Effects 

It would he of advantage to have a single component which serves as an indicator 
of the degree of air pollution due to tobacco smoke and the corresponding 
annoyance and irritations. 

Especially appropriate for this purpose would be carbon monoxide (because it 
is chemically inert and easily measurable) and nicotine (because it is specific for 
tobacco). Figure 7 shows that there is a relation between A CO, A nicotine. A PM 
and reported annoyance and eye irritations. However, if wc make the ranges of 
the A values smaller, the relation gets worse. 

In addition, there is a very poor correlation between the mean pollutant 
concentrations in each room and the corresponding results of the interview 
(Table 6). This means that the measured pollutant concentration in an individual 
workroom does not necessarily allow to draw conclusions on the extent of dis¬ 
turbance and irritations. The following reasons—which are especially important 
in field studies—could explain this fact. 

The measuring method used is only representative in a limited way for the 
exposure of individual persons: The accumulation of irritants and particles in the 
“blowing cloud" of a smoker mainly affects the neighbors sitting in the exhaling 
direction. These short concentration peaks arc. however, masked in the measured 
mean air concentrations (l-h mean values). 

Individual psychological factors (relationship w'ith coworkers, work satis¬ 
faction. attitude toward smoking) considerably influence individual evaluation of 
disturbances and irritations. 

Thus, there is a considerable variance on the side of measurements of 
chemical and physical properties as well as on the side of subjective perception 
and feelings. 

Therefore, field studies on passive smoking do not seem to be an adequate 
approach to assess a relationship between the degree of air pollution and its 
effects. From this point of view, the standardized conditions of laboratory 
experiments in a climatic chamber are certainly more appropriate. However, such 
experiments also have their disadvantages: The results cannot be extrapolated to 
real situations without restriction. 
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Some Physiological Responses to Acute Passive Smoking 

in Healthy Young Adults 

Makishige ASANO. Chiyoji OHKUBO. Ak :, -iko SASAKI. Teruhisa YOTSUYA. 

Tatehisa IRIE* and Hiromi KOMINE* 

Departments of Physiological Hygiene and m Architectural Hygiene and Housing, 

the Institute of Public Health, Tokyo. Japan 


INTRODUCTION 

Exposure to an inhalation of environmental 
pollutants from tobacco smoke is referred to 
as passive smoking. At present, it is pointed out 
that pertinent findings have emerged concern* 
ing (1) levels of specific substances such as car¬ 
bon monoxide, nicotine, and particulate mat¬ 
ter, (2) concentrations of specific substances in 
passive smokers, (3) effects of passive smoking 
on healthy children and adults, and (4) effects 
of passive smoking on persons with preexisting 
diseases 1 ^. 

The present investigation has been aimed to 
study acute effects of indoor pollution due to 
cigarette smoking on physiological functions, 
especially on cardiovascular functions of healthy 

adults under realistic conditions of laboratory 

* 

experiments, with special regard to the smok¬ 
ing habit. 

METHODS AND MATERIALS 

Subjects 

Twentv male and female healthv adult 

* * 

volunteers were engaged in the present study. 
Five male subjects, 20—40 years old, were 
habitual smokers. The remaining 15 subjects 
were life-long nonsmokers consisting of 5 sub¬ 
jects of male twenty-agers and female twenty- 
and forty-agers, respectively. 


Procedures: Fig. 1. 

Every subject took parts in 2 successive ex 
perirnents. that is, a control experiment b^ 
sham smokine’ with non-lit cifiarettes and an ac 


cual passive smoking experiment. The habitual 
smokers took parts in both the experiments as 
passive smokers and active smokers. All of the 
subjects participated in the experiments in 
groups of 2 nonsmokers and 2 smokers. 

The subjects spent 3 and half hours in an ex¬ 
posure chamber of 16 m s at about 20°C of am¬ 
bient temperature and about 60% of relative 
humidity. The air in the chamber was ven¬ 
tilated at ventilation rate of 20 changes/hr for 
the resting period during which the door was 
opened, and at 1 change/hr for the smoking 
period during which the door was closed, 
respectively. 

Throughout the experiments, air pollutants 
were measured continuously, and physiological 
indexes such as blinking rates, expired carbon 
monoxide concentrations, blood pressures, 
heart rates, products of systolic blood pressure 
and heart rate (Kat 2 index), finger blood flows 
(wave heights of photoelectric pJethysmograms), 
and skin tempercures were measured at ap¬ 
propriate time intervals. 

For the air of the chamber, CO concentra¬ 
tions were monitored by the Ecolyzer (2500), 
CO 2 concentrations by the infrared analyzer 
(model 2FP5 of Fuji Denki), NO, NO 2 and 
NOx by the chemiluminescence apparatus 
(Monitor Lab 8440), and total particluate mat¬ 
ter by the particulate monitor (model P-5H of 
Shibata-Kagaku-Kikai). Hemodynamic changes 
were conventionally monitored with a 
polygraph and blinking rates were assessed by 
the same inspectors according to the visual 
counting. 
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The passive smoking conditions were 
prepared by successive smoking of respective 3 
cigarettes by 2 smokers during a period of 1 
hour under the poor conditions of ventilation, 
and thereafter the ventilation was switched to 
the high rate in the recovery period. In additon 
to this 2 nonsmokers-2 smokers experiment, 1 
nonsmoker-1 smoker experiment and 1 
nonsmoker-S smokers experiment were ap¬ 
propriately performed. 

Content of nicotine and tar in the 
mainstream smoke of a cigarette adopted was 
0.9 mg and 14 mg. respectively. 

RESULTS AND DISCUSSIONS 

Measurements of Air Pollutants 

Chronological changes in averaged max¬ 
imum and minum values for each pollutant are 
presented according to sham and actual passive 
smoking sessions. 

Fig. 2 shows changes in CO concentrations 
throughout the experiments. The shaded area 
indicates the sham or actual smoking period of 
1 hour. At the end of actual passive smoking, 
CO concentrations ranging 1 -2 ppm at the in¬ 
itial level reaches the peak level ranging 14-19 
ppm. while no appreciable change is noticed 
throughout the sham smoking period. The peak 
concentration of CO exceeds the concentration 
of 10 ppm and approaches 20 ppm, which is 
the Air Quality Standard of Japan for 8 hours' 
exposure and 24 hours' exposure, respectively. 

Fig. 3 illustrates changes in CO 2 concentra¬ 
tions of which overall trends for both the sham 
and actual passive smoking experiments are 
quite similar to each other. The initial levels 
around lOOOppm reach the peaks of 3000-4000 
ppm for both the experiments. This similarity 
of the changes indicates that the quantity of 
CO 2 physiologically expired by 4 subjects is 
much larger than that in the secondhand smoke 
generated by 2 smokers. 

Fig. 4 demonstrates changes in NO concen¬ 
trations. The initial level ranging 0.01-0.05 
ppm reaches the plateau of peak concentrations 
around 0.2 ppm, 50 minutes after the start of 
smoking; maximum 0.23 and minimum 0.18 
ppm. 

Fig. 5 presents changes in NO 2 concentra¬ 
tions. The overall trends for both the sham and 
actual passive smoking experiments are very 
similar to each other. Slight but definite 


decrease in NO 2 concentrations is noticed even 
during the sham smoking experiment. This 
similarity may indicate that the quantity of 
NO 2 in the secondhand smoke is quite small in 
comparison with the background levels. 
Moreover, the declining change during the ex¬ 
periments suggests the adsorption of NO 2 on¬ 
to clothes of the subjects and surfaces of walls 
and others of the exposure chamber. The in¬ 
itial background level of 0.03-0.04 ppm ap¬ 
pears rather high level, because the Air Quali¬ 
ty Standard of Japan refers to the concentra¬ 
tions within or less than the zone of 0.04-0.06 


ppm. 

Fig. 6 demonstrates changes in NO* concen¬ 
trations of which initial level ranging 0.03-0.08 
ppm reaches the plateau around 0.2 ppm, 45 
minutes after the start of smoking, maximum 
0.26 ppm and minimum 0.18 ppm. The trends 
of changes in both NO and NO* concentra¬ 
tions are quite similar to each other and the 
concentration changes of NO x run parallelly 
with those of NO at merely high levels. Accor¬ 
dingly. the changes in NOx concentrations 
might reflect mainly those in NO concen¬ 
trations. 

Fig. 7 illustrates changes in total particulate 
matter (TPM) concentrations. The initial level 
of 18 counts''min, that means 0.18 mg/m 5 , 
reaches the peak ranging 200-230 counts/min, 
i.e., 2.0-2.3 mg/mS. The background concen¬ 
tration of TPM seems rather high comparing 
with the Air Quality Standard, 0.10 mg/m 5 or 
less for 8 hours' exposure and 0.20 mg/m 5 or 
less for 24 hours' exposure. However, the ob¬ 
tained peak level of 2 mg m 5 is about 20 times 
higher than the standard value for the short 
time exposure. 







Physiological Responses to Passive Smoking 

All measurements were averaged for 15 
minute period and changes during the two ex¬ 
periments were expressed in per cent changes 
of the initial levels. The illustrated column and 
bar indicates mean and standard error, respec¬ 
tively. Annotations of Ti to T 4 indicate four 
sequential periods of the passive smoking ex¬ 
periments and T 5 and T6 indicate two sequen¬ 
tial periods of recovery’. 

Fig. 8 demonstrates changes in blinking rates 
(B.R.) and expired CO concentration (CO) for 
the nonsmokers (NSm) on the left side and for 
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the smokers (Sm) on the right side. Blinking 
rates of both the nonsmokers and smokers show 
remarkable increases along with the progress of 
the actual passive smoking. Although the 
changes are less pronounced for the smokers. 

the eves of smokers who had been accustomed 

* 

to inhale tobacco smoke, could not bear the ir¬ 
ritation by the secondhand smoke. 

Concentrations of expired CO also increase 
remarkably along with the progress of passive 
smoking for both the nonsmokers and smokers. 
While the changes are much pronounced for 
the smokers who smoke actively as well as 
passively, the change even for the nonsmokers 
is approaching almost half the change in the 
smokers. 

Fig. 9 presents appreciable increases in heart 
rates and systolic blood pressures for the 
nonsmokers, and marked increases in them for 
the smokers throughout the actual passive 
smoking experiment. Although the changes in 
both the indexes for the nonsmokers are much 
less pronounced than those for the smokers, 
these Findings indicate definite acute car¬ 
diovascular responses of the nonsmokers to the 
passive smoking in the same direction as the 
responses of the smokers to the active smoking. 

Fig. 10 presents changes in product of systolic 
blood pressure and heart rate, that means ox¬ 
ygen cost of the heart, and in skin temperature. 
Although the extents of changes in both the car¬ 
diotonic and vasoconstrictive measurements are 
much less for the nonsmokers than the smokers, 
these responses also indicate definite acute car¬ 
diovascular changes of the nonsmokers during 
passive smoking in the same direction as those 
of the active smokers. 

Table 1 shows overall comparisons between 
selected physiological responses to the sham and 
actual smoking experiments and the same bet¬ 
ween the physiological responses of the smokers 
and nonsmokers to the actual passive smoking. 
The extents of all the physiological responses 
of both the nonsmokers and smokers to the ac¬ 
tual passive smoking except for diastolic 
pressures the nonsmokers, are significantly 
higher than those to the sham smoking experi¬ 
ment. The acute physiological effects of the 
passive and active smoking under the present 
conditions are quite evident in the nonsmokers 
and in the habitual smokers, respectively. 
Therefore, it is clear that the passive smoking 


under certain realistic conditions can inevitably 
cause acute changes in some physiological, 
especially cardiovascular functions of 
nonsmokers, in addition to the annoyance and 
irritation. 

Moreover, the extent of the change in blink¬ 
ing rates of the smokers does not differ from 
that of the nonsmokers while the remaining 
responses of the smokers to the actual passive 
smoking significantly differ from those of the 

nonsmokers. This means that the eves of the 

* 

smokers as well as the nonsmokers suffer 
similarly from the irritation of the secondhand 
smoke generated by themselves. 

CONCLUSIONS 


Under realistic conditions of the indoor pollu¬ 
tion due to the secondhand tobacco smoke, 
even healthy young adults should experience 
some physiological responses to passive smok¬ 
ing regardles of smoking habit, although the 
habitual smokers respond in much less pro¬ 
nounced magnitudes. Even if the acute car¬ 
diovascular effects of passive smoking could be 
underestimated from the clinical point of view 
at present, the disturbance of normal 
physiological function which was typically 
evidenced by the increasing rates of eye blink¬ 
ing suggests an infringement by passive smok¬ 
ing on the amenity of nonsmokers from the 
point of view of public health. Moreover, the 
cardiovascular responses imply difmitely un¬ 
necessary physical and mental burdens on the 
homeostasis of normal living body and the in¬ 
creased CO-Hb levels, indicated by elevated 
concentrations of expired CO during and after 
the passive smoking, may give warning on the 
chronic influences of inhalation of concomitant 
carcinogens in the sidestream smoke on 
development of lung cancer at least"!. 
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Table 1 Statistical Significances for Comparisons of Some Selected Physiological Responses be¬ 
tween Sham and Actual Passive Smoking, and between Nonsmokers and Smokers P.P.G. 
refers to maximum amplitudes of photoelectric plethysmographic tracing of a finger tip. 
Concerning other abbreviations, see tn the text. 
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Fig. 8 Changes m Blinking Rates! B. R.) and Concentrations of Expired 

COfCO) Comparing between NonsmokersfNSm) and 
Smokers(Sm). 
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Fig. 9 Changes in Hean Rates(H.R.) and Systolic Blood PressuredSyst. 

B.P.) Comparing between Nonsmokers(NSm) and 
Smokers(Sm). 
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ACCUMULATIONS OF TOBACCO SMOKI in poorly 
ventilated buildings and nhicki tin kid to the fovolunu/y 
npoaurt of the tvonimoker lo meisurciblt qumiitki of 
fork ujbitincfi.sueh m nicotine,ejrt>on monoxide.oDy 
aJUbidt. pyridine and its derivatim, amm onia. aJdehydea, 
tat and resnouT compounds, volatile acids,and rtepirabk 
particles in the slat nn|t 0J2 to 2J0 Such expo- 

•urts can be subjectively unpleasant for the healthy indi¬ 
vidual and may alto produce upper respiratory tract wttp 
toms in individuals with hyperreactrre airwaya, 1 ** 1 
Whether such responses result from an aSerp'e mechanism, 
or art merely an irritative afTect.is uncertain** 

The incidence of respiratory infections to children of 
•mokini parents is increased relative to that of children 
whose parents do not moke, •“ ,l frut the influence of 
other factors such as socioeconomic differences kas mol 
keen established In such studies. 

Despite indications that passive smoking mi^ht kc harm¬ 
ful to health, there Kan Wen few detailed experimental 
Studies of short-term human responses to environ menu! 
tobacco moke . This paper describes the reactions of oof- 
ma! young adults to passive exposure to cigarette moke in 
tenre of symptomatology, standard tests of pulmonary 


function, cardiovascular response at rest and while a inch¬ 
ing, and blood carboxyhemoglobrn kvels. 

Methoda 

SubJten md Experiment!} Tim 

% 

Two groups of healthy young mak (n • JO) and female 
(n » JO) icJunuen from the Uninrsity of Toronto were 
Studied. Their physical characteristics are given in Tabic J. 
AH were life4ong nonsmoken, our definition of such an 
^dividual being a cigarette consumption of none for the 
past year and no history of moJung more than ere ciga¬ 
rette per day. None of the group had any history of allergic 
diaeue. 

The details of the study ware explained to the subjects 
m their first visit to the laboratory, and the subjects signed 
• consent form. A clinical examination was then performed 
gnd preliminary testing allowed the subjects to become 
familiar with the test procedures. At comparable tim« on 
two subsequent days,individuals spent 2 hr sltUng the 
exposure chamber,the room being filled with either ambient 
Mr os dgirtnt moke,according to a random sequence; 


Jdy/A*m« lt?| 
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*ahhou|h the perticulate level declined lo approximately 
2 **/m J over the 2br exposure period. 

GrboryA emcf/obur Lercb 

The peterntt|e of blood a rboxy hemoglobin w ttli- 
puted by usin| • modi ft at Ion of the techniques devel¬ 
oped by Hcndersob and Apthorp” and Hackney t! al * 
and used auccrufully In our bb by Wright u CommeMini 
•t functional rraiduiJ capacity (FRC), subjects were 
Stquirtd to itbreath for 2 min from a S-fiter bat and 
aoda lime system initially containing pure exy|en. Rela¬ 
tive percentages of carbon monoxide and oxyftn in the 
bat were determined by the Ecoloyzer and the Mass Spec* 
trometer (F* r kin-El me i), respectively. 

Lynx Voh/mn 

Functional residual capacity was measured by use of 
the ?«nin helium doted<ircuit rebreathinj technique 
(Collins respirometer/catharomeler system). Subdivisions 
of Iun| volume also measured included residua! volume 
(R V), relaxed vital opacity (VC), and total Junj opacify 

(ixQ. 

Flo w-Volume Qmrn 

w 

Maximum c xpiratory flow .volume curves were obtained 
by usini a heated Fkisch (*3) pne umoUchc*rtpb and 


lnte| rat or. Volume and flow kjnals were displayed on a 
Tektronix stori|r oscilloscope. At each test persod the 
iubjeet was mated and performed throe maximum forced 
vital capacity maneuvers. From the resultant flow volume 
Cum, me a sure menu were made of forced vital opacity 
(FVCJ, forced explntoty volume in one aecond (FEV |# ), 
and maximum flow rates at 25% (V.,) and 50% of 
the vital opacity. In each oae,the flow-volume curve with 
the br|est forced vital capacity was m ed for analysis. 

O osinx Vok/ma 

The dosinj volume was determined by a *in|k-breath 
mitroftn washout technique.** The volume ai|nal was 
taken from a wedje spirometer, and the nitrofen signal 
from a discharfe tube nltiofen analyzer (Med-Scknct 
Electronics nitralyzer model 505), and these were dis¬ 
played on an X-Y recorder (Hewlett-Faduird 7035B). 
Inspiratory and expiratory flow rates were kss than 03 
liteihec in all curves retained for analysis, and reported 
results art taken from the record with the brpest vital 
capacity. 

timet Asm 

The electro cardie* ram (Sanborn $00-Vi*e*Cardrette) 

' was monitored during exposures with the ehest kads fixed 
in the CV $ position; the subject remained connected to 
the apparatus throu|hout the experiment by aae of shielded 
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through the wall ©r 0* f xposure chamber. 

• After both test and control exposures, Ihe subjects per- 
farmed • 7-min progressive cxercb*test ©ft an EJem* tkc- 
tfonic bicyck ergometer turd prnriouslyLoadings wm 
©djuited to 45% (fint 2 min), 60% (©cond 2 min), and 
71% (fins! 3 min) of the subject's estimated maximum 
aerobic opacity. Heart rates were recorded at the and of 
each minute during*lhe initial 3-min ml period,7-min 
exercise period, and the 5-min recovery period. Subjects 
mpircd from a modified Otia-McKerr©* valve,connected 
*r the inspiratory aide to a Pa r kin son Co wan dry gas meter 
and on the expiratory aide to a JWiter mixing box. 
Rfjpiratory minute volume was recorded continuously by 
coupling the recording potentiometer to a Honeywell 
Vss'eorder. Expired gas was ampled and analysed for 0 2 
end CO a by use of the mass spectrometer. Estimates of 
expired aii composition were corrected for the lag imposed 
by the mixing box end connecting tubing. 

Subjttrtrt Rtecricns 

At the end of each experiment subjects were bstemewtd 
by the investigator,who read through a bst of possible 
^mptoms and asked the subject to indicate by a ~YES" 

©t “NO" response which of the reactions he or she had 

©©ltd. 

StsristicaJ A nalya 

The significance of differenett in mponse between test 
and control days for both groups was evaluated by tsszng 
©Decided paired / tests. 

lUaulu 

Crboxyhemoglobin Levels 

The initial blood carboxyhemoglobin levels foT both 
male and female subjects (Fat 2) wctc at the low levels 
anticipated for nonsmokers* and little change was noted 
during exposure on control days. On test days values 
faertased in both sexes and were significantly higher than 
©n the control day after at kast 30 min of exposure and 
continued for 60 min postexposure (P < 0.05 or ko). 

Im*z Volumes 

As shown in Table 3, differences between control and 
test days were generally small, although on test days Sta¬ 
tistically significant increases in FRC and RV wert 
recorded in the men at exposure of 130 min (P<0.01). 

Flow- Volume Curves 

FVC.FEV, t and wert snnflar for both main and 
females (Table* 4 and 5} on control and test days. In the 
men, V JS increased on control days in contract to a alight 
decrease during smoke; thus results fot test days were con* 
©sternly lower than for control days, the difference being 
ftatitticaJly significant only at 70 min (P < 0.05). The 
behavior of the women was kts consistent, although they 
also recorded a significantly lower V Jt on the smoke day 
than the corresponding control value 60 min after exposure 
(P < CDS). 
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Go sing Volumes 

Closing volume data rf>owed a substantial variability 
(Table 6). Technically acceptable tests were obtained in 
13 subjects and differences in respon* between test and 
control days were small and ©ot statistically significant. 

HtmRMie » 

Under control conditions a decline of resting heart rate 
was obaemd in men and women (Fig. 3). The men shewed 
• similar response during exposure to cigarette ©moke; in 
the women, howmNbtfreases in heart rates wert observed 
4\irlni smoke exposure,and the* were higher than cor¬ 
responding control day values and significantly ao (P< 0.05 
©r less) from the 40th to the 10th min of exposure. 

Ex errixe Responses 

During exemae.the women had somewhat higher heart 
ntes after exposures to dgiretie amoke.th* difference 
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from control experiments beinj ss^niilcint at the lowest 
and highest workloads (Table 7), whereas in the men 
(Table I) there was little difference between i«t and con* 
trol observations. Ventilation and Vo a tended lo be 
Mijhtly larger on emoke<xpo*vre deys in the men afenffi* 
cantly ao at the highest workload where differences meas* 
•red approximately 4% (P < 0.05). The only other iijnifi- 
cant difference was a higher breathing frequency frier lo 
txtjziu ofc served in the men (P < OHS). 

Subject frt Meecriom 

Despite the mull amount of phyxiolotical charge, most 
•objects found the exposure to cigarette amoke unpleasant 
(Table 9), the most frequently reported lymptom* beift$ 
•ye irritation.nasal discharge and/or stuffiness, and cough. 
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thyiiotefit Response* 

Blood csrboxyhcmofbbin Jrr eh. The increase of blood 
carboxyhemoglobin (HbCO) readings was similar lo those 
found by Russell at al. 1 * in nonsmokers exposed for 100 
min to amoke containinf a carbon monoxide concentra¬ 
tion of 3S ppm. Such increases art much lower than mi$ht 
be expected by applying the formula of Peterson and 
Stewart,** which predicts that with a J20-min exposure 
lo 24 ppm of CO, levels of blood HbCO rfiould ri* to 
almost S .6*. with an equilibrium level of more than 
Unfortunately, the majority of avaSiblc prediction equa¬ 
tions do not work well with exposures to relatively low 
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•onoentrsti&ra of carbon monoxide, particuhriy m oquEib 
Yfym k being approached. 

Despite the fact that the percentage of HbCO levels 

fecreaxed, peak values were emilar to those found by 
Russell et al. ,# in nonmoken before exposure to cigarette 
Smoke. Thus, although N has been suggested that passive 
oxposyre to cigmtte choke could interfere with oxygen 
transport and thus lead to deterioration of psychomotor 
performance, 44 * 41 the level* produced in the present 
experiment art insufficient to anticipate such an effect. 4 * 

bunt function c hemes. Changes of vital capacity after 
the cnoking of one dgarette 41 * 44 are alight, and changes 
Of pulmonary function due to cnoking art more easily 
Selected in the small airways than in the larget bronchi 41 A 


The prevent suggestion of changes in with absence of 
•‘change in static and dynamic lung volumes would be hi 
beeping with auch a view. The increase of FVC and F£V| M 
during exposure, with changes of questionable biological 
Significance in V n and no change in dosing volumes, 
indicates, howrrtr, that the concentrations of smoke tested 
had IstUe effect on the usually accrpied measures of lung 
function. Retrospective examination of peak expiratory 
flow rates revealed no significant differences between days, 
suggesting little effect on Urge airways. 

McDermott 41 described increases in airway resistance 
upon exposure to very dense particulate doudt (> 19 mg/ 
m 5 ), but the material concerned (coal dust) had a much 
larger particle size distribution than cigarette smoke and 
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kid i tendency toward impaetion In the large rirwaya. 

The studies concerned alto used oral father than nasal 
inhalstion of panicles, a further factor that tended to 
increase the ftspons of the bronchial tret. 

CtrcuUiory trxponm. Previous reports on circulatory 
nspontcs to passive accumulations of cigirtm vnokt 
ha*s been conflicting. Harke and Bleichert** found »o 
change in ECG.tkin temperature.blood pressure, ot pulse 
frequency when adult nonsmokers were exposed to dga- 
fttte smoke for JO min. In an experiment that teems lea 
%tD eontroUad, Luquette and associates** noted an 
Increase of heart nte and of ayrtolic and diartoli: blood 
pressures with p&ssm exposure of children. The decrease 


•f heart rate In our control experiments is probably partly 
a consequence of prolonged sitting and partly an expres¬ 
sion of acme aensory isolation in the exposure chamber. 

The increase of mting heart rate that occurred in the 
female subjects during the first JO min of test exposures 
is of the order encountered through the efTerts of absorbed 
nicotine when habitual smokers consume one oil- 

Approximately 137 mg of nicotine Is rtkased in the 
tfdestream and 0.46 mg in the mainstnam smoke from a 
single cigarette* although the highest irvtls recorded by 
Hinds and First” in a survey of public places was only 
IOs 4 t/m , .Some nicotine a absorbed by the nonsmoker** 1 * 


Jafr/Aar**t 1971 




2057826826 


* 


•I 


♦ « 
« 


* ft 


l* • 


S’ . 



TftUr t 



Sekecl 



i»*4) 


M*k» 

|«»T) 


|VU. 



#f Vltri Cwrtty* 


T 


•rri 

A* min 





120-min 


40-mi* posf«i 
'© 


120-mte 





tjneajs 
2J1224$ 

ft 

%H± 444 

U)UM 

8.2?tl.f7 


I 

1 



L»vxs*5 -tttil.Tf 




1JOU24 


ie.071 rr? 


• 14 12.75 HL92t2.tf 


•MwnlSD 




tvtntually appearing in the plimi and urine; the nte of 
absorption hi: yet to be determined under controlled con¬ 
ditions, h ow ever. Russell and Feyerabtnd 11 concluded 
th»t nicotine tu eicreted almost as fast as it was absorbed, 
ao that physiological effects were unlikely in nonsmokera 
even tfter sustained exposure to a smoke-filled room. If 
the effect noted in our female subjects was indeed a phar¬ 
macological nther than a psychological reaction to the 
mr>oke,*t is difficult to explain the absence of response in 
the male subjects. 

Exerrue responses. The modest increase of rtrpiratoTy 
minute volume and the associated increa* in the oxygen 
cost of rigorous effort in the men could be interpreted as - 
a direct response to irritation of the airways; if this is the 
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case,however, It is surprising not to fend an tamaar of 
respiratory nte with a decrease of tidal volume* 1 The 
Increase could also be a pharmacological response to nico¬ 
tine; local effects of this compound are quite conceivable 
e*cn if excretion of the absorbed fraction is rapid. The 
ferreas* of oxygen consumption in rigorous work tee ms 
too large to attribute just to the added ventilation,* 7 and 
one might suspect that the smoke has also kd to acme 
augmentation in the unit cost of ventilation.* 1 

Symptomatic Rnponxrs 

In view of the k>w cigarette equhalenl (set subsection 
Ggortite Equiwtents) the small phyiiolog ical changes 
induced by the cigarette exposure are not surprising; thus 
the main argument for smoke-fret air seems symptomatic 
rather thin physiological. The cause of such annoyance is 
probably neither CO nor suspended particulate matter 
(SFM) but nther exposure to strong irritants and impleas- 
ant odors, including phenols,aldehydes, and organic acids. 1 * 
The subjects were also inevitably awire of the presence or 
the pnoke,and the reported rtacliom may han been influ¬ 
enced by underlying beliefs and attitudes. Eye irritation 
has been suggested as the main known acute effect of 
exposure to environmental tobacco smoke ,** although the 
extent of this reaction in the general population, the levels 
at which it occurs, and its influence on fire vioon are not 
yet known. Kasai congestion or obstruction often occurs, 
encouraging mouth-breathing; this ir turn la likely to 
fciCTtase an individual's vulnerability to airborne substances 
oormaUy trapped by nasal nitration.* 1 

Oioarf of£xpomrr Condition* 

Although there were ae%ertl attlolicaTly sign!Tuant dif¬ 
ferences between physiological data for test and control 
days, these responses were small md were of aomewhat 
questionable biological significance. Although the possi¬ 
bility exists that marked responses could hm been evolved 
by higher smoke concentrations, the concentrations used 
were realistic maxima (and some subjects commented that 
conditions were the worst they had ever experienced). 



Afd+m »f I mrvftffCTU i He*hh 



luslrv 


docs'hkbjOO 


2057826827 



9 4% 










T«Mr 



•f 


Vanibk 


•r 

SekpectJ 


* r *«/»*, rrrs 


10 


Nvmfcer *f fcrcatiu per sun 


to 


Hum ntt.Mni 


to 


Vo r bto/mA, rsrt) 


•aryefc Tf« tar 

«tr. Ucm t ID 


T«t. h Hr 1 

CmvoI 

Test 

S*fTrrr*cr 

At pest 

8.711 3.10 

8.7 1 333 

•3012.74 

3 

30.lt 1 331 

31371 1.74 

13112.44 

4 

‘31-ti t 4.74 

32.371 g.07 

132 1134 

7 

41.071 7.17 

41331 8.74 

•241332 


13.771 3.17 

84.111 335 

•1412.74 

At fast 

124 1 4X4 

12.4 1 3-04 

**0.4 1331 

3 

17.3 1 3.7 S 

17.7 1 330 

• 4 1334 

4 

353 1 3.70 

34.2 1 331 

-1.1 1202 

7 

313 1 3.72 

30.7 1 432 

-04 1249 

Brem. S 

143 1 435 

|7.7 1 330 

13 1344 

At pm 

•0.7 11435 

83.7 11333 

13 1841 

3 

117.7 1 2337 

1243 11530 

•3 14.77 

4 

3343 1 7.71 

942.4 12237 

3.7 14 79 

7 

1443 1 147 

141.7 1 834 

. 43 12 75 

Kml 

1*3 llt.13 

1073 11447 

•7 1832 

At Ptsi 

•34 1 0.05 

•341 CL 05 

•02 1 0.06 

3 

•311 0.13 

•.701 022 

•02ie.it 

4 

1.131 0.30 

3.171 032 

•01 1 0.08 

7 

1311 0.45 

141 2 0 44 

-0.0310.15 

Beaw.S 

63t 1 0.07 

•371 0.05 

0.0 10-05 



••P<0.01 by pwrtC I ten. 

*ilap*4 tint of ticycfc trtL 

V**t mbuHts after mb;cm tieppad ffliVx 


While CO readinp as high as 60 l© 70 ppm Kin been 
reported * %u these aetm to be exceptional cases, and read¬ 
ing s of 5 to 15 ppm are much more common in public 
places where pnoking is a31owed. , • ,M4 • ,, Even in mtau- 
rants and bars that are poorly vtntSaied and heavily con¬ 
taminated by smoke, CO concentration* do sot usually 
exceed 20 to 40 ppm. lt,u In terms of SFM our Jevtls were 
undoubtedly hightt than the figure of 0.1 mg/m* ritod by 
find* and Fint. 1 * It is also interesting to note that our 
oburved and estimated levels of CO and SFM exceeded 
the criteria of the Frovincc of Ontario, Canada, for deair- 
•Me ambient air quality-!*., 13 ppm CO for m S4tr capo- 
»rt and 0.12 mg/m 1 SFM for a 24hr exposure (Ontario 
Ministry of Environment, Air Resources Branch). 

Ggertite Equipments 

Although realistic concentrations were card in our 
tape rimenu, because of practical considerations the dura¬ 
tion of the acute exposure was relatively brief. It might be 
postulated that in individuals who are exposed to amilar 
levels of smoke for longer periods, the small but consistent 


changes observed in this atudy would be augmented and 
more biologically significant. Night club employees such 
as waiters commonly work regular Lhr shifts in such con¬ 
ditions. 14 

There fc, perhaps, tome virtue in establishing a cigsrctte 
•quivalent baud on the amount of smoke inhaled passively 
relative to that inhaled when smokjng actively 4 * u Frob* 
tems arise, howe vet, from differences between aidestream 
and mainstream smoke. Furthermore, tobacco smoke is 
txlrtmely complex, and the effects of a single component 
may be masked or altered by the actions of other com¬ 
ponents at well as of nontobacco contaminants. Fassively 
inhaled particles do not penetrate to the same depth as 
they do during active smoking, and a large fraction may 
well be filtered out in the no*; M thus nasal nitration 
makes It difficult to establish the lung paniculate burden. 
Such constituents of the vapor phase as nicotine are 
absorbed from both nasal mucosa and bronchial epithelium. 

Previous estimations of cigarette equivalents, based on 
observed levels of various amoke components, han yielded 
figures that are quite low. Hoegg 4 calculated 0.01 lo 0.20 
cigarettes per hour from CO and particulate levels, while 
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Hinds and First n suggested in equivalent of 0.009 aga¬ 
mies pci hour, from observed levels of nicotine and cu>- 
mate d particulates. Thus under rtaJutic condition it to 
mnlikely that i passive smoker tohaJes the equivalent of 
more thin two cigarettes per t^our work shift. Over such 
an extended period norms] clearance mechanisms would 
toe sufficient to avoid most immediate physiologies] 
neponies,a]though it is questionable whether this ttmitou 
the esse with continued work (ix., chronic exposures) In 
such m environment, conrider tog the cumulative exposure 
lo carcinogens. Moreover, on thou sire oeexsom when 
CO levels do rise to grtater thin 40 ppm, the w)gins thresh' 
eld to patients with tochemic beirt diacue could toe 
towered*-* 

At Qutlity Oil eric for Q? fret tt Smoke 

Can one conclude from the enroll amount of physio¬ 
logical changes reported here that passhre exposure to 
eigaretle smoke has little significance for the healthy adult? 
One problem in setting alt quality criteria to that for every 
ten persons expoaed there may toe only ooe or two who 
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79.34X1)24 
1922X 4.00 
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3.31 X 12* 
1.19 X 334 
340 X 3.04 

234* 

3.94 X 3-70 


33.0 t 230 
314 X S4t 
234 X 125 
23J X 345 

144 X 3.7S 

344 X 1234 
11)2 XICJ) 
4342 X t.1) 
1342 X t.74 
32 JO X 1122 


154 X 4J3 
314 X 5X5 
3)2 X 3.17 
372 X 720 
112 X 324 

343 X It24 
11X3 X 334 
134.1 X 1027 
1532 X 334 
302 X1322 


34 X 221* 
3.1 X 320 

3.4 X MO 
13 X 2.12 

•3 X 240 

3.1 X 8X2 

-3.1 X 422 
-to! X 43) 
12 X 42) 
-1.7 X 1425 


024* 8.04 
14)1 8.15 
1.351 822 
2491 8.25 
8.34 1 8X4 


8.73 1 8.90 
149 1 8.14 
1.311 824 
235 1 824 
8.4)1 8.11 


8.05 1 8.05 
8.04 1 8!) 
8.051 8.14 
toll! toll* 
8.05 1 809 




natt;* thus,mem results from smiE samples may not toe 
particularly sensitive to indicating a physiological thresh' 

©Id. We can conclude,toowtnr, that,on enrage,physio¬ 
logical responses as measured art minimal to normal sub' 
jeeu as a consequence of acute exposure, md thus 
arguments concerning adverse efftcu rest on (i) sympto¬ 
matology, (ti) possible impairments of fine vision, (iii) the 
aaninown rtoks of chronic exposure ,(h) a possible lower- 
tog of angina threshold to patknu with tochemic heart 
disease,and (v) a possible greater aensfthrity to individuals 
with hyperreactive airways. Sine* the majority of the adult 
North American population are nonxmokert, the* »ppear 
to toe sufficient reasons for applying statutory limitations 
on the accumulation of cigarttu Brooke is public placet. 
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Choice of Eipomfir Cbndtions 

Cigarette smoke his several furl ton* that todude main- ^ 
Stream smoke (the portion inhaled by a smoker during s ^ 
puH), as desutam on oka (emit ud from Ihe burning cone ^ 
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Setween puffs), and other minor components (moulder 
flreim.glo* stream, cffution stream, snd diffusion ttnvn, 
together totaling kas than 5% the volume of sidestream 
moke).* 0 

Hainstrum smoke was deluded in these exposures 
because i moker's retention of this portion is incomplete. 
With buccal inhalation only 20% to 50% of smoke particles 
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•re retained in the mouth, although with fuE inhalation 
retention fa at least The retention of individual 

conrtituents of the npor phi* varies with the properties 
©f the gases and vapors concerned. Only 55% of CO fa 
absorbed e«n after deep inhalation, whereas 99% of nitro¬ 
gen dioxide (N0 a ) fa retained after only partial inhala¬ 
tion 

So that the moke concentrations adopted far our study 
would be realistic, we decided to oonduet a prtlir 
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__ ‘pollution the Incr eme nt of CO conoentra 

lion relative to local ambient condilions.The observed 
tnean value for night clubs was approximately 5 ppm 
($D 9 ppm), but in one of the dubs monitored, CO level 
attributable to tobacco moke were greater than 20 ppm 


on two occasions. 

Using the* figurts we deoded to retain CO levels of 
approximately 20 ppm throughout exposures. Initial cham¬ 
ber levels approximately 24 ppm abort ambient level wtrt 
produced by mechanical smoking of four cigarettes. The 
subject then entered the chamber and remained aeated for 
2 hr. leeju* a technician enttred the ehambet every >0 
min to administer tests (wt Table 2), some of the cigarette 
•moke escaped through the doorway. Additional losses were 
tncuned with respiratory absorption by the subject and 
technician, reduction fat the continuously sampling CO 
monitor (700 mt/min),and natural clearance mechanisms 
such as coagulation, impaction, gravitational setting, and 
chemical reactions.* - To compensate for the* various 
!oi*s one additional cigarette was moked every 20 min. 
CThc slight quantity of CO produced by the subject, 
approximately 0.4 ml per man per hs*'*' k negligible fat 
the pre*nt context.) 
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F%. I. TVeretieaJ W*aU mf fFK awi }4u vnolt txfomm fw tad, 
Mrum|n| I aeiiad ch*mb«. (TlMortiieal bc-Smc* kud M fnUli 
9mA Be OVclra.* 4 


Throughout test and control expoeum.CO knk were 
monitored using i CO eeolyxrr (Energetics Science, lnc. # 
Mode) 2400). On -pnokf- days CO levels declined from 
tn initial 2S.5 ppm to 19.5 ppm (indoding an ambient 
background averaging 3.5 ppm) on; the 2-hr exposure 
period,gjving a mean level of 23.2 i 2.9 ppm (Fig. 4). The 
nan kVd on control djyt was 4.) t 03 ppm (tinge 3 £ to 
4.4). 

Carbon monoxide is apparently reactive when Hudied 
In smaU.tnclottd placet, and under rush conditions it hit 
a -half-life*' ©f approximately 14 min. M Since the emit- 
won rate b — 15 ml CO per cigarette, the behavior of the 
gat in an unoeeuppied aealed room may be estimated as 
tftowt in Figure 4. Compariaon of predicted and our 
observed data suggests that losses amounted to about 5 
ppm (or 20%) over the 2-hr exposure, and similar tosses of 
other pseout components of tobacco smoke anight be 
anticipated. 

Suspended particulate matter was not routinely measured 
during experiments; concentrations were measured in 
•epatate experiments,however, using an ekclrosutic prt- 
opiutor (Mint Safety Appliances Co.).The data obtained 
can only be considered a crude estimate, sznee wtlh this 
apparatus simples art collected over time (15 min) and 
then weighed. Thus final values would fall between the 
kvels present at the beginning and the end of *mpfcng. 

Such estimates showed that con cent rations ranged between 
> 4 mg/m s and 2 mg/m* during exposure. 

Fcnkata and de Oliveira, 14 using experimental condi¬ 
tions similar to ours, found the “half-life- of SFM to be 
quite different from that of CO (i.c.,43 mb). They moni¬ 
tored SPM with a SinclairPhoenix Smoke Fhotomeur, t 
device that b superior to the ekctroatatie predpitator and 
b probably more accurate than the Cambridge Filter 
method 11 used by previous Investigators, 4 since filtration 
methods trap the concentrated aerosol before dilution and 
before any significant amount of volatile components (and 
mater vapor) can evaporate and thus eauu an ore rest ima* 


44on or particulate kvth. F*urt 5 show* the estimated 
Chamber Irveb of SFH, e&uming an emission rate of 17J2 
mg per cigarette and a -half-life-of 43 min. M Predicted 
values decline from a peak of 4 J mg/m 5 to a minimum of 
23 mg/m^and kveh would be reduced by it kart the 
•ame amount as CO (i*., 20%), thus the actual minimum 
SPM value would have been approximately IJ mg/m*. 

Our electrostatic predpitator data ghrv fair euppon to these 
theoretical estimate!. 

Although the chamber was no! equipped I© control 
lemperaturt and humidity, the former wat monitored 
throughout,with means of 2i^C t 03 * and 24.6*C t OX 
being recorded for test and control days,respectively. 
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Psychophysiological Response to Environmental Tobacco Smoke 
in an Experimental Social Setting 

G. Winneke, M. Neuf, A. Roseovanu. and H.*W. Schlipkdter 
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Summary 

Acute psychophysiological effect* of environmental tobacco smoke (ETS), correspond¬ 
ing to carbon monoxide (CO) concentrations of 5 and 10 ppm and produced by an active 
smoker, were studied in 72 adult nonsmokers and compared to the effects of traffic noise 
(65 and 75dB(A))and ofodorexposu re (50 and 150ppb of hydrogen sulfide). This sample 
represents the first block out of 126 subjects (Ss) for which data analysis was completed 
by November 1987. Experiments took place in an actively ventilated exposure chamber in 
a social setting. Objective measures, namely, heart rate, blood pressure, rate of 
respiration, eye blinks, and lacryma! flow as well as subjective measures of annoyance 
based on questionnaire items were taken four times during exposure; carboxyhemoglob- 
in (COHb) was measured before and after exposure. 

Whereas cardiorespiratory variables were not affected by £TS exposure, COHb, 
eyeblinks as well as pan of the annoyance-data exhibited ETS-induced elevation, 
although not necessarily at the 5 ppm-level in each case. ETS-induced annoyance at 5 and 
10 ppm dCO was comparable to noise-induced annoyance at 65 and 75 dB(A), 
respectively. Ss preclassified as either strongly or weakly annoyed by environmental 
conditions in their neighbourhoods (e.g. traffic noise or industrial odors), as assessed in a 
social survey covering 2,300 individuals, also did exhibit significant differential 
susceptibility in terms of ETS-induced annoyance. From these still preliminary findings 
the tentative conclusion is drawn for a no-adverse-cffect-level (NOEL) for acute 
psychophysiological effects of ETS to be located near the 5 ppm-level in terms of dCO, 
and for annoyance to represent a more gcncraliied, stable reaction-tendency Ttther than 
a reaction to a specific environmental condition. 


Introduction 


Most previous studies dealing with acute psychophysiologica! effects of environmental 
tobacco smoke (ETS) have used smoking machines to produce desired levels of 
sidestream smoke exposure (Weber et al. 1976, 1979, 1981; Muramatsu et al. 1983). In 
deviating from this typical procedure, which is consistent but lacks ecological validity, we 
conducted a pilot experiment, in which nonsmoking students were exposed to ETS by an 
active smoker in a social, experimentally controlled setting (Winneke et al. 1984). 
Objective measures, namely eyeblinks. lacrymal flow, blood pressure, heart rate and 
respiration, as well as subjective measures of annoyance based on questionnaire-items, 
were taken four times during exposure; in addition COHb-concentrations trtre measured 
before and after ETS-exosure. Significant effects of ETS-exposure were found for COHb, 
blinks, lacrymal flow, as well as for most of the questionnaire-based information. With 
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Table 3. Symptom-related questionnaire-items. F* and p-values characterize the ouicome of 
analysis of variance 


Main effect 


Interaction 


F p F p 


Burning eyes 

19.45 

0.000 

20.03 

0.000 

Impaired breathing 

19.50 

0.000 

14.90 

0.000 

Sore throat 

3.43 

0.040 

3M 

0.001 

Itching note 

452 

0.015 

2.65 

0.017 

Headache 

i.n 

0.310 

2.96 

0.009 

Dry mouth 

1.17 

0.170 

2.15 

0.049 


» 



0.0001), both in terms of main effects (intensity of FTS-txposurt) and interactions 
(intensity X time). 

Typical examplesfor symptom-related effects are given in Fig. 3. The statistical results 
from analyses of variance for these as well as similar statements are shown in Table 3. 
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Fig. 5. Degree of annoyance during ETS-txpomre for groups of Si preclassified in terms of either 
high (upper curves} or low (lower curves) annoyance to environmental noise or odors, respectivtl). 
Means and CL-95 are given 


Four out of eight items exhibit significant main effects (intensity), whereas for all of them 
significant interactions (intensity of exposure X time) were found as well. This means that 
the time-course is different for control- and exposure-conditions, respectively. 

Only two out of seven emotional-reactive statements, namely those expressing 
feelings of discomfort (F « 9.26; p * 0.000) and of anger (F *= 3.93; p *= 0.02) did show 
significant main effects associated with levels of ETS-exposure, whereas additional time 
X exposure-interactions occurred for feelings of discomfort, anger and cheerfulness 
(Table 4). 

For the purpose of comparing the annoying effects of ETS-exposure to that induced 
by either traffic noise* or odor-exposure data were taken from the eleven point 
annoyance-scale (see above). The results from that comparison are given in Fig, 4. These 
curves clearly show that for each of the three conditions highly significant (p < 0.001) 
exposure-related effects occurnd which, except for the odor-condition, did exhibit 
pronounced dose-response-characteristics. It is interesting to note, furthermore, that the 
degree of annoyance produced by the two ETS-levels is roughly equivalent to continuous 
sound pressure-levels of 65 and 75 dB(A), respectively, whereas the degree of odor- 
annoyance induced by hydrogen sulfide is comparatively reduced. This, most likely, can 
be ascribed to olfactory fatigue or adaptation. 

in order to ascertain if Ss, preclassified as either highly or weakly annoyed by either 
environmental noise or industrial odors in their respective neighbourhoods, these 
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extreme groups were compered for degree of annoyance across exposure-levels for the 
three experimental conditions. Ss preclassifted as highly annoyed scored higher in terms 
of annoyance during ETS-exposure than did Ss preclassified as weakly annoyed (Fig. S). 
This group-difference is statistically significant for ETS (F * 2.80; p < 0.05), but only 
borderline (p < 0.12) for either experimental noise- or odor-exposure. Perceived 
intensities at the different levels of exposure did not exhibit any group-differences, 
whatsoever (0.95 > p < 0.55). 


Discussion 

Carbon monoxide (CO) was used here and in our previous study (Winneke et al. 1984) to 
characterise the degree of ETS-exposure. Both because of its lack of specificity as well as 
its inconsistent temporo-spatia! associations with other ETS-components CO cannot be 
considered a truely representative marker of ETS under real-life-conditions (Ball et al. 
1987), particularly if, in addition to cigarettes, pipes and cigars contribute to ETS(Klus et 
al. 1987). No general agreement has, therefore, been reached so far as to which 
components or component-combinations could be used in order to characterize ETS- 
exposure in natural settings. 

CO, on the other hand, has been shown to display consistent association with 
suspended particulates (TSP), both in decay-situations as well as in experimental steady- 
state- or dynamic conditions, in which both the number of cigarettes as well as the rate of 
air-exchange were varied (Leaderer et al. 1984). In addition correlation between CO- 
levels on the one hand and number of cigarettes as well as several gas-phase components 
of ETS, such as NO, aldehydes, acrolein, HCN or formaldehyde, have been reported 
both for extreme (Hugod et al. 1978) as well as for more moderated degrees of 
experimental ETS-exposure (Weber et al. 1976). 

In the light of this evidence, and in order to be able to compare the outcome of our 
experiment with that of similar studies (Hugod et al. 1978; Muramttsu etal. 1983; Weber 
et al. 1976,1979,1981; Winneke etal. 1984) in a quantitative manner, the measurement of 
CO to characterize degrees of ETS-exposure in our experimental setting can be 
considered a reasonable compromise between describing the true complexity of ETS- 
exposure on the one hand and relying simply on the number of cigarettes smoked per unit 
time and volume on the other. 

In taking CO as the basis for comparison our cardiovascular findings are consistent 
with those of others (Weber et al. 1976, Harke and Bleichen 1972), who, at even higher 
levels of ETS-exposure did not observe exposure-related increase of either heart-rate or 
blood-pressure. Nicotine-intake at such ETS-levels is likely to be too low for cardio¬ 
vascular changes to be expected. 

As for eyeblinks our data art somewhat at variance with those of Muramatsu et al. 
(1983), who describe significant elevation at ETS-levels below 3 ppm dCO, whereas 
both in our previous (Winneke et al. 1984) and in the present study no significant 
increase was observed at ETS-levels corresponding to 5 ppm dCO. It is still uncertain 
as to whether methodological differences can explain these different outcomes. 
Whereas Muramatsu et al. (1983) relied on intraindividual comparisons based on 
actual counting of videotaped blinks by observers at predetermined intervals during 
exposure, our findings are based on interindividual comparisons of a smaller number 
of Ss by means of continuous electrophysiological recordings of spontaneous blinking, 
Although the latter technique would generally be considered as having a higher 
ecological validity, final analysis of the full set of data will be needed to clarify, if 
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significant elevation of eyeblinks can in fact be expected to occur at ETS-levels at or 
even below 5 ppm dCO. 

The most clearcut findings of the present study are those related to questionnaire- 
based annoyance. Descriptive and, to a lesser extent, symptom-related complaints 
display dose-related increase with some effects already significant at the lowest ETS- 
level. This was not true in our previous study. Pan of this differential outcome is most 
likely due to the fact that in the present study control-conditions were improved by forced 
air-exchange. From these still preliminary findings the tentative conclusion is draw n for a 
non-adverse-cffect-level (NOEL) for acute psychophysiological effects of ETS to be 
located near the 5 ppm-level in terms of dCO. 

The present study is the first to compart ETS-induced annoyance - reactions to those 
associated with eitheT noise- or malodor-exposure. The data presented here strongly 
suggest that such a comparative approach is feasible, and that ETS-exposure correspond¬ 
ing to dCO-levels of 5 and 10 ppm are equivalent to traffic-noise at sound pressure- 
levels of 65 and 75 dB(A), respectively. Comparison with odor-annoyance b less 
convincing because adaptation strongly attenuates perceived odor-intensity for hydro¬ 
gen sulfide. 

Another interesting finding of the present study relates to the observation that 
preclassification of nonsmoking Ss for environmental annoyance is related to the degree 
of annoyance under experimental exposure-conditions as well: Ss preclassified as being 
either strongly or weakly annoyed by environmental odor- or noise-exposure in their 
respective neighbourhoods, do exhibit strong or weak degrees of annoyance under 
conditions of ETS-exposure as well. From this the tentative conclusion is drawn for 
annoyance-responses to be more generalized reaction-ten den ties rather than responses 
elicited by specific environmental conditions. 

Acknowledgements: We would like to thank Dipl.-Ing. Jarmila Kotalik and Hans-W. 
Berresheim for analytical and technical support in setting up the experimental 
prerequisites and Hanne-Lore KrUll for her help in organizing the study and in collecting 
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PERCEPTION OF ENVIRONMENTAL TOBACCO SMOKE 
ODORS: AN OLFACTORY AND VISUAL RESPONSE 
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Abstract—Odor perception of approximately 200 subjects was measured to determine whether visual 
contact with an odor source affects sensory responses and to estimate the magnitude of such an effect. 
Environmental tobacco smoke (ETS) odors were generated in a chamber either by a smoke machine or by an 
investigator who smoked. Several levels of odor intensity were generated. Odor intensity, odor hedonics and 
odor characters were the parameters measured before and after visual contact with the odor source. Visual 
contact increased the perceived odor intensity, the hedonic nature of the odor changed directionally toward 
unpleasant and the number of subjects perceiving tobacco odor increased The change caused by visual 
contact led to differences that were statistically significant. 

Key word index : Odor pollution, tobacco smoke. 



1. INTRODUCTION 

In a recent pilot study, the authors of this paper tested 
the following hypothesis: there is no difference in the 
number of tobacco-related odor complaints between 
days with and without visual contact among smokers 
and non-smokers. In a restaurant, an opaque panel 
was used to eliminate visual contact between smoking 
and no-smoking sections of the establishment; no 
other changes were imposed on the operation. The 
null hypothesis of no difference was rejected at 2 « 0.05 
for n* 5 pairs of days. This pilot study leads to an 
inexpensive control strategy for reducing ETS-related 
nuisance complaints. The need for a larger database 
was evident; such a larger study could be performed 
under real-life conditions in a number of restaurants 
or under controlled conditions in a room-size cham¬ 
ber. Benefits for performing the study in a chamber 
include: (1) the number of the subjects is controlled; (2) 
the level of exposure is controlled; (3) other directed 
experiments, Le. experiments that purposely mislead 
subjects, can be performed; and (4) several restaurant 
owners were unwilling to allow installation and re¬ 
moval of the temporary opaque panels. 

The objective of the chamber experiments per¬ 
formed was to determine whether reaction to ETS is 
increased by visual contact with smokers and to 
estimate the magnitude of such an increase. In the 
balance of this paper we elaborate on the methods, 
results and conclusions of the study. 


2 . experimental 

Two hundred subjects from the campus of the IIT Re¬ 
search Institute and the Illinois Institute of Technology 
participated in the study to test if visual contact with a 
smoking individual affects odor perception parameters. 
These subjects were selected randomly. The subjects’ percep¬ 
tion of an odoriferous air stream was measured Odor 
intensity, odor hedonics and odor descriptors were recorded 
before and after visual contact with a tobacco source. To 
determine whether odor perception was influenced by visual 
contact, the subject’s perception of the above odor para¬ 
meters was also measured by sniffing odor-free air before and 
after visual contact with the ETS source. All experiments 
were performed under control conditions using a room-sized 
chamber with two sniffing ports. Fresh air (ambient air) 
passed through and was sniffed by the subjects at the first 
port. Odoriferous air, at various levels of odor intensity, w as 
sniffed at the second chamber port. The subjects provided 
reactions of a visitor to the chamber air because they did not 
occupy the chamber. Visitors to an indoor environment react 
more severely to indoor odors than occupants of the environ¬ 
ment. This is due to olfactory’ fatigue that affects occupants 
but not visitors. Occupants become accustomed to the odors, 
visitors react to the difference between the ambient fresh air 
and the odoriferous indoor air. Several levels of odor intens¬ 
ity were tested; the odor intensity levels were determined as a 
function of the source strength, Table 1 illustrates the eight 
experiments performed, each with a different panel of 25 
subjects; test numbers 3 and 5 were decoy tests with minimal 
or no tobacco odor. 

Each subject responded to a series of demographic ques¬ 
tions, and provided his/her smoking status. The olfactory 
acuity of each participant was rated using the Dynamic 
Dilution Binary Scale Olfactometer, The odor intensity as 
perceived by each subject was recorded on a subjective line 
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Table 1. Types of chamber experiments 



1 machine smoking three cigarettes per hour 

2 machine smoking three cigarettes over 2 h 

3 microwave cooking of fishsticks 

4 investigator smoking three cigarettes over 2 h 

5 investigator smoked a cigarette before test began but 

pretended to smoke during tests 

6 investigator smoking and cooking pizza (three cigarettes 

over 2 h) 

7 machine smoking three cigarettes over 2 h 

g machine smoking (three cigarettes over 2 h) and cooking 

fish 


Expected impact 


strong tobacco odors 
moderate tobacco odors 
no tobacco odors 
moderate tobacco odors 
Jow tobacco odors 


moderate tobacco odors 
moderate tobacco odors 

moderate tobacco odors 



would observe ; 
king, reading, c 
subject would r 
after visual com 
the second inve 
actively state ar 
each subject res 
odor intensity, 
to unbearable) 


Date: 




scale; the hedonic nature was evaluated on a five-step pictor¬ 
ial/verbal scale, and the perceived odor was characterized 
from a set of 10 odor entrees. The subjects were asked to 
select the three most applicable odor notes describing the 
odors they perceived. Each subject could add additional odor 
characters describing the odor. All information was obtained 
from data recorded on a questionnaire designed for this 
study, see Fig. 1. 

Five steps simulated conditions that measure odor para¬ 
meters before visual contact with the odor source. These 
steps were; (1) measurement of subject's olfactory acuity. (2) 
measurement of odor intensity at port 3 (the odor free air 
stream). (3) measurement of odor intensity at port 2 (the 
odoriferous air stream). (4) measurement of the hedonic 
nature of the odor perceived in the port with the stronger 
odor, and (5) characterization of the odor perceived. The next 
step introduced each subject to the sources of odors. This w as 
achieved by letting each subject view the activities inside the 
chamber. Depending on the experiment performed, such 
activities included an in\estigator smoking, a smoking ma¬ 
chine. an investigator cooking, an investigator reading or a 
combination of these activities. Steps 2-5 were repeated after 
visual contact was made with the source, and each subject 
responded to the questionnaire for a second time. 

Five instruments were used in the performance of the 
study; (1) the chamber. (2) the odor-generating systems. (5) 
the olfactory acuity measuring device. (4) the subjects and (5) 
the response measuring form. 

A Toom-sized 3IT Research Institute (11TRI) chamber was 
used for this study. The chamber is an ideal air distribution 
facility. Air enters the chamber through a uniformly porous 
ailing and fiow-s iaminarly to the fioor. The verticil laminar 
flow provides uniform thermal and gaseous conditions with 
no stagnant areas. The chamber is equipped with two 
sampling stations (sniffing pons) located outside the chamber 
to allow- the contents of the chamber to be measured without 
disturbing the in-chamber conditions. One of the sampling 
stations was used by the subjects of this study to simulate 
visitors (worst-case odor reaction) to areas where smoking 
was allowed. The other sniffing pon was also used, it was 
isolated from the rest of the chamber and air passing through 
this pon was fresh (outdoor) air. Odor perceptions from this 
pon w-ere used for background measurements. The window- 
on the door of the chamber was used to establish visual 
contact with the ETS source. 

ETS is generated either by a smoking machine or by an 
investigator who w-as •‘working’* inside the chamber. The 
*tnoke produced by a machine puffing through the cigarette, 
and by smoldering between puffs, was accumulated within 
the environmental chamber. Only one type of cigarette and a 
standard puff condition were evaluated in this study. All 
experiments were performed at 1.0 air change per hour (ach) 


infiltration rate and with one cigarette burning. Approxim¬ 
ately 9 min were required to bum a cigarette using the 
standard puff conditions. Depending on the desired odor 
level, the second cigarette commenced burning minutes later, 
after the end of the first cigarette burning cycle. Cigarette 
smoking proceeded automatically at a predetermined rate. 
An investigator was employed to determine whether subjects 
differentiated between visual contact with smokers and visual 
contact with a tobacco-odor-emitting machine. 

The binary choice dynamic olfactometer (butanol wheel) is 
the device used to measure the subjects' olfactory acuity. The 
butanol wheel measures the intensity of odorants in accord¬ 
ance with ASTM (1975). Each pon delivers dilutions of 3- 
butano! that increase by a factor of two from the previous 
pon. Each subject was asked to identify the first time that 
pon smelled differently (stronger than) the previous pon. The 
process began with the most diluted odor and continued to 
ports with higher odor intensity. Panelists were classified as 
sensitive, average and insensitive. The classification was 
based on r.-butanol presented to each subject in the dynamic 
olfactometer. Individuals who perceived odors below 
2 ppmV were classified as having above average olfactory 
acuity. Subjects perceiving odor between 2 and 5 ppmV were 
classified as average with Tespect to their olfactory acuity. 
Subjects who perceived an odor between 5 and 10 ppmV 
were classified as insensitive with below average olfactory 
acuity . Subjects who perceived an odor at levels higher than 
30 ppmV were excluded from the study as too insensitive, 

Two hundred subjects were selected from the campus 
randomly. An intensive campaign was undertaken to let 
everyone on campus know of the opportunity to assist in the 
program. The opportunity to earn $250 appeared to be a 
good incentive to participate in the study. Eight winners were 
selected by lottery for helping the study. 

The response form used in this study js a one page, double¬ 
sided questionnaire (Fig. 1). The study design required that 
each panelist Tespcnd to this questionnaire twice, The first 
part of the questionnaire was completed by the investigator, 
once the subject verified the name and telephone number, 
she lie proceeded to respond to the questions posed by the 
investigator on their demographics. At this stage an investig¬ 
ator explained to each subject the measuring device for 
olfactory acuity, the chamber experiments and chamber 
components. One questionnaire was filled by each subject 
before visual contact w-*s made with the interior of the 
chamber. Once all questions were answered, a second in¬ 
vestigator escorted each subject through a predetermined 
path and explained the second pan of the experiment. The 
sbon walk (about 2 min) helped provide the subjects with 
relaxation time for their olfactory system, and also helped the 
investigator to introduce the subjects to the next senes of 
experimental steps. The investigator stated that the subject 
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would observe activities inside the chamber (smoking, coo¬ 
king, reading, etc) and then, aware of these activities, the 
subject would respond to the questionnaire one more time 
after visual contact with the indoor odor sources). Note that 
the second investigator responded to questions, but did not 
actively state anything about smoking. After visual contact, 
each subject responded only to questions relating to chamber 
odor intensity, the hedonics of the perceived odors (pleasant 
to unbearable) and to odor descriptors. 


3. RESULTS AND ANALYSIS 

The study was designed for 200 subjects, 192 sub¬ 
jects responded to the study, 5 subjects were excluded 
by Quality Assurance, Quality Control (QA/QC) con¬ 
siderations, 3 were anosmic and 2 were allergic. The 
final response factor was 94%. Information on subject 
demographics, their status on smoking and their 


QUESTIONNAIRE 


Oate: 



Group No 



Subject No 


.: /¥ 


Name 


. * FI 


Telephone No.: * X 


for lottery purposes 


DEMOGRAPHICS 


Yes 


No 



Male 


Age: less than 30 


Female 


Smoker 


t 


30 to 50 




51 or older 


OLFACTORY ACUITY 

Sniff each port of the Olfactometer starting with port one 
Please -rite the number of the first port with an odor. 


CHAMBER 000R CHARACTERIZATION 

Please place your head in each of the sniff stations. Measure the strength of 
the odor you smelled (sniff again) on the relative scale below: 


Sniff Station 1 


No Odor 


\ 


2.5 


5 

T 


7.5 


Very 

Strong Odor 



Zero Strength 
Odor 


Ten Strength 
Odor 


No Odor 


Very 
Strong Odor 


Sniff Station 2 






Odor 
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Fig. 1. (Contd) 
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tit. Using the sniff station with the stronger odor,as perceived by you* please 
check the box below that best expresses your feeling about the odor: 



IV. If necessary sniff again, then go through the odor descriptors 

below and check the descriptor($) that best characteri 2 e{s) the 
odor you smelled in the sniffing station. 


Cosmetics 
Paint Odors 
Carpet Odors 
Tobacco Odors 
Musty/Damp Odor 




Diesel Engine Odors 
Chemical Odors 
Printing Odors 
Body Odors 
Lemon Like Odors 


Other odor(s) - (describe) 


\ IT RESEARCH INSTITUTE 
Fig. 1. Questionnaire designed for the study. 
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Age 

(years) 


<30 

30-50 

>50 


Male 

Female 


Table 2. Information on panelists (per cent of subjects in each category) 


Exp 

no. 

No. of * 
subjects 

Sex 

Smokers 


Age 


Olfactory acuity 

Female 

Male 

Yes 

No 

o 

V 

30-50 

>50 

Sensitive 

Average 1 

Insensitive* 

1 

24 

66 

34 

34 

66 

25 

54 

21 

30 

54 

16 

2 

23 

65 

35 

26 

74 

39 

43 

18 

30 

53 

17 

3 

24 

58 

42 

21 

79 

8 

62 

30 

13 

75 

12 

4 

24 

42 

58 

25 

75 

21 

50 

29 

38 

46 

16 

5 

22 

77 

23 

32 

68 

18 

64 

18 

23 

59 

18 

6 

23 

65 

35 

22 

78 

30 

61 

9 

17 

78 

5 

7 

23 

69 

31 

52 

48 

22 

43 

35 

13 

78 

9 

8 

24 

33 

67 

21 

79 

21 

54 

25 

21 

54 

25 

Total average 

187 

59 

41 

29 

71 

23 

54 

23 

23 

62 

15 


•1ITRI (1989). 
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olfactory acuity arc presented in Table 2. Tables 3 and 
4 indicate variation of olfactory acuity with age and 
sex, respectively. 

A complete characterization of odors includes res- 
ults from measuring odor intensity, odor hedonics and 
odor descriptors (odor notes). Given the design of this 
study, the important parameter was not odor intensity 
but the difference of odor intensity before and after 
visual contact. Recall that the intensity was measured 
on the subjective line; during analysis the subjective 
response line was divided into 10 equal units, and a 
numerical value between 0 and 10 is given to each 
odor intensity rating. Assuming that an intensity 
difference of 1 may be a random phenomenon, the 
intensity difference coded for further analysis was a 
difference greater than or equal to 2 units, see Table 5. 
Note that the before and after visual contact difference 
is given for both sniffing stations, the one with fresh 
air, station 1, and second one with air from the 
chamber that is potentially odoriferous air, station 2. 
For hedonics, the relevant parameter is the segment of 


Table 3. Olfactory acuity and age 


Olfactory acuity of subjects (%) 


Age 

(years) 

Sensitive 

Average 

Insensitive 

<30 

35 

53 

12 

30-50 

23 

65 

12 

>50 

23 

56 

21 


Table 4. Olfactorv acuity and sex 


Sex 


Olfactory acuity of subjects (%) 


Sensitive 


Average 


Insensitive 


Male 

Female 


26 

21 


56 

57 


18 

12 


subjects who change their perception of odor hedonics 
toward less pleasant, a directional difference. The 
relevant parameter for odor descriptors is the segment 
of subjects who indicate tobacco odors before and 
after visual contact, see Table 5. 

Ail subjects correctly selected the station with odor¬ 
iferous air for all experiments, including the decoy or 
very low tobacco odors. In addition to tobacco smoke, 
odor descriptors that appeared with relative con¬ 
sistency are cosmetics, paint odors, musty/damp odor, 
body odors and athletic sock (foot) odors. The impact 
of visual contact on the perceived odor intensity was 
investigated first. The null hypothesis tested was: there 
is no difference in perceived odor intensity before and 
after visual contact. This null hypothesis was rejected 
by the use of multiple t-tests on individual test panels, 
as well as on the pooled panels. A similar hypothesis 
for sniffing station 1 with the fresh air could not be 
rejected at the 1% significance level (i.e. 2 - 0 . 01 ). 

The impact of olfactory acuity, the sex of the subject 
and their smoking status on their perception of odor 
intensity was tested. An example of the null hypothesis 
tested was as follows: there is no difference between 
smokers and non-smokers in the perceived odor in¬ 
tensity change resulting from visual contact with the 
potential odor sources. When responses from all sub¬ 
jects were pooled, the null hypothesis could not be 
rejected: the sex of the panelists, their smoking habits 
and olfactory acuity affect the change of perceived 
intensity. However, when panelists from each experi¬ 
ment were investigated separate!), results from two 
out of the six non-decoy tests rejected the null hypo¬ 
thesis for smoking and for olfactory acuity. This 
indicates the anticipated: the magnitude of the odor 
intensity and the composition of each panel was 
important. Results on the impact of olfactory acuity 
were influenced by the fact that over 50% of the 
subjects had average olfactory acuity. 

For odor descriptors the analysis focused on the 
number of individuals who characterized the per¬ 
ceived odor as tobacco odor, the null hypothesis tested 


Table 5. Segment of panelists (•/•) who perceive sensory difference 



Intensity difference* 

Hedonics 

Tobacco odor 

Test 



Directional 



no. 

Station 1 

Station 2 

difference 

BVC* 

> 

O 

1 

17 

24 

42 

92 

100 

2 

13 

52 

61 

56 

70 


17 

21 

8 

0 

0 

4 

4 

25 

29 

54 

88 

5§ 

0 

4 

23 

32 

73 

6 

9 

22 

4 

65 

65 

7 

9 

26 

39 

43 

83 

8 

4 

25 

21 

58 

75 


•AVC-BVC>2. 
tBVC-before visual contact. 
* A VC-after visual contact, 
f Decoy tests. 



Source: hllpsj/'www.induslrydocumenls.ucsl.edu/d 
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Tabic 6. Olfactory acuity and hedonic perception of odor of subjects 

who changed their perception 


Subjects with changed hedonic 
perception AVC* 


Olfactory 

acuity 

Total number 
of subjects 

Number 

Portion (*/ e ) 

Sensitive 

36 

n 

30 

Average 

85 

32 

38 

Insensitive 

20 

6 

30 

Total 

141 

49 

35 

•AVC- 

after visual contact. 




than if they ' 
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inexpensive 

wish to proN 
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smoking sec 


was: there is no difference in the number of subjects 
who perceived the tobacco odors before and after 
visual contact with the odor source. The paired r-test 
for the six non-decoy experiments rejected the null 
hypothesis, visual contact impacted on the number of 
subjects who describe the perceived odor as tobacco 
odor. 

The impact of visual contact on the hedonic nature 
(pleasant to unbearable) of the perceived odor was 
tested using the y 2 -test. We tested the portion (fre¬ 
quency) of subjects who changed, directionally toward 
more unpleasant, their hedonic rating after visual 
contact. For five degrees of freedom, six non-decov 
experiments, and for a = 0.01 (i.e. confidence level of 
1%) the null hypothesis of no difference was rejected, 
visual contact with smokers causes unpleasant he¬ 
donic perceptions. About 36% of this directional 
difference was from unpleasant to very unpleasant, 
23% from neutral to unpleasant. 14% from pleasant 
to neutral and 9% from neutral to very unpleasant. 

An investigation of the impact of olfactory acuity on 
the change of hedonic perception was undertaken. For 
the non-decoy tests, Table 6 shows the portion of 
subjects who changed their hedonic perception after 
visual contact as a function of olfactory acuity. It is 
shown that one in three subjects of average olfactory 
acuity and a bit more than one in four sensitive and 
insensitive subjects perceived the odor to be less 
pleasant after visual contact than before visual con¬ 
tact. 


4. DISCUSSION 

A complete characterization of odors requires 
measurement of odor intensity, odor hedonics and 
odor description. The objective of this study was to 
determine whether visual contact with a tobacco 
source affects the perception of these odor parameters. 
Consequently the experimental design measured each 
of the parameters before and after visual contact with 
potential odor sources. Eight experiments w>ere per¬ 
formed, each involving a designed number of 25 sub¬ 


jects. Six of the experiments measured the required 
odor parameters against varying degrees of tobacco 
odors generated in a room-sized chamber, the other 
two experiments were decoy experiments since they 
involved nearly 2 ero tobacco odor. 

Visual contact increased the perceived odor in¬ 
tensity, the hedonic nature of the odor changed 
directionally toward unpleasant, and the number of 
subjects perceiving tobacco odor increased. The 
change caused by visual contact led to differences that 
were statistically significant. On average one out of 
three subjects perceived at least one odor parameter 
more severely after visual contact than before. These 
conclusions, true for the non-decoy experiments, are 
further emphasized by the decoy experiments. The 
odor intensity and odor hedonics for the decoy tests 
did not change. The number of subjects selecting the 
tobacco odor descriptors after visual contact with a 
source in the decoy experiment with minimal tobacco 
odoT increased substantially. This emphasized the 
impact of visual contact: background tobacco odor 
and visual contact cause the change of perceived odor 
descriptor. The second decoy experiment did not 
display such an increase after visual contact because 
the subjects could not perceive any tobacco odor; 
there was none. 

Most of the subjects tested had average olfactory 
acuity; the greatest portion of the changes were noted 
by subjects with average olfactory acuity. A series of 
assumptions may explain this experimental fact. Sensi¬ 
tive subjects correctly measure odor parameters be¬ 
fore visual contact, and only a bit more than one in 
four is influenced by visual contact. Insensitive sub¬ 
jects do not change their perceptions of the odor 
because they are unable to smell low intensity odors, 
and again only one in four is influenced by visual 
contact. More than one in three subjects with average 
olfactory acuity are influenced by visual contact with 
the source. 

It is concluded that visual contact with a soutcc of 
tobacco odors will cause at least one in three subjects 
to perceive stronger odor intensity, more unpleasant 
odors and odors that are identified as tobacco odors 




Source: htlpsj/www.industrydocuments.ucs!.edu/docs/hkbjOOOO 
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than if they were exposed to the same air but had no 
visual contact with the source. This conclusion, if 


valid in public indoor gatherings, may provide an 
inexpensive control strategy for establishments that 
wish to provide space for their customers who smoke: 

vicual contact between smoking and no¬ 


smoking sections of indoor environments. 
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